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Abstract
We examine a non-relativistic limit of D-branes in AdS5×S5 and M-branes in
AdS4/7×S7/4. First, Newton-Hooke superalgebras for the AdS branes are derived
from AdS×S superalgebras as Ino¨nu¨-Wigner contractions. It is shown that the di-
rections along which the AdS-brane worldvolume extends are restricted by requiring
that the isometry on the AdS-brane worldvolume and the Lorentz symmetry in the
transverse space naturally extend to the super-isometry. We also derive Newton-
Hooke superalgebras for pp-wave branes and show that the directions along which
a brane worldvolume extends are restricted. Then the Wess-Zumino terms of the
AdS branes are derived by using the Chevalley-Eilenberg cohomology on the super-
AdS×S algebra, and the non-relativistic limit of the AdS-brane actions is considered.
We show that the consistent limit is possible for the following branes: Dp (even,even)
for p = 1 mod 4 and Dp (odd,odd) for p = 3 mod 4 in AdS5×S5, and M2 (0,3), M2
(2,1), M5 (1,5) and M5 (3,3) in AdS4×S7 and S4×AdS7. We furthermore present
non-relativistic actions for the AdS branes.
1 Introduction
The AdS/CFT conjecture [1] predicts that type IIB superstring theory in AdS5×S5 is dual
to the four-dimensional N = 4 SU(N) super Yang-Mills theory in large N limit. Though
it is too hard to analyze the full AdS superstring, Berenstein-Maldacena-Nastase (BMN)
found a nice way to extract a solvable subsector (referred to as BMN sector) [2]. Taking
this subsector corresponds to the so-called Penrose limit for the AdS geometry [3], and
the relevant symmetry to the BMN sector is the pp-wave superalgebra, which is obtained
as an Ino¨nu¨-Wigner (IW) contraction [4] of the super-AdS5×S5 algebra [5] (see [6] for the
eleven-dimensional cases).
A non-relativistic limit of strings in flat spacetime provides another solvable sector [7]
(see also [8]). This limit is a truncation of the full theory in the sense that light states
satisfying a Galilean invariant dispersion relation are kept and the rest decouples. The
relevant symmetry is the Galilean limit of the Poincare´ algebra. The non-relativistic flat
branes are examined in [9–13]. In [14, 15] these studies have been extended to branes
in AdS spaces. In particular a Lorentzian F-string in AdS5×S5, i.e. AdS2 brane, was
examined in [15]. They showed that the F-string theory in AdS5×S5 is reduced to a free
theory in the non-relativistic limit, and so the resulting theory is exactly solvable. In the
non-relativistic limit, the super-AdS5×S5 algebra is also contracted to the Newton-Hooke
(NH) superalgebra for the F-string. Then the isometry of the AdS2-brane worldvolume,
the AdS2 algebra so(1,2), and the Lorentz symmetry in the transverse space, so(3)×so(5),
extend to a super-isometry algebra.
In this paper we consider D-branes in AdS5×S5 and M-branes in AdS4/7×S7/4. First
we examine D-branes in AdS5×S5. In addition to AdS2 brane, there exist various AdS
branes in AdS5×S5, (m,n) branes of which worldvolume extends along m directions in
AdS5 and n-directions in S
5. In our previous works [16–19], we have classified some
possible configurations of the D-branes in AdS5×S5 by examining the κ-variation surface
terms of an open superstring. Here we will classify possible configurations of D-branes
by requiring that the isometry of the AdS brane worldvolume AdSm×Sn (Hm×Sn) and
the Lorentz symmetry in the transverse space E5−m × E5−n (E4−m,1 × E5−n), i.e., so(m−
1, 2)×so(n+1)×so(5−m)×so(5−n) for a Lorentzian brane and so(m, 1)×so(n+1)×so(4−
m, 1)×so(5−n) for a Euclidean brane, naturally extend to the super-isometry. The result
surely contains our previous result, but some new configurations are allowed to exist.
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We furthermore derive the NH superalgebras for these branes as IW contractions of the
super-AdS5×S5 algebra. The similar analyses are applied to branes in IIB pp-wave, and
derive the NH superalgebras for these branes as IW contractions of the IIB pp-wave
superalgebra.
The Wess-Zumino (WZ) terms for p-branes in flat spacetime can be classified [20] as
non-trivial elements of the Chevalley-Eilenberg (CE) cohomology [21]. This is generalized
to D-branes in [22, 23] by introducing an additional two form which corresponds to a
modified field strength of the background B field. Here we examine the WZ terms for
AdS branes by using the CE cohomology on g of the supergroup
G = PSU(2, 2|4)/(SO(4, 1)× SO(5)) , i.e. “super-AdS5×S5”/“Lorentz” .
We show that the WZ terms of AdS branes can be classified as non-trivial elements of the
CE cohomology, except for the WZ term of a string which is a trivial element [24, 25].
Expanding the supercurrents with respect to the scaling used in the IW contraction,
we obtain the non-relativistic limit of the brane action. In comparison to the Penrose limit
in which the leading terms in the expansion contribute to the pp-wave brane actions (see
Appendix C), in the non-relativistic limit the leading order terms of the Dirac-Born-Infeld
(Nambu-Goto) part and the WZ part cancel out each other, and the next-to-leading order
terms contribute to the non-relativistic action. We find that the consistent non-relativistic
limit exists only for Dp (even, even) for p = 1 mod 4 and Dp (odd, odd) for p = 3 mod 4 in
AdS5×S5. We derive the non-relativistic AdS D-brane action and find that it is reduced to
a simple action by fixing the κ-gauge symmetry and the worldvolume reparametrization.
While the non-relativistic AdS D-string action is a free field action, the non-relativistic
AdS Dp-brane action (p > 1) contains an additional term which originates from the flux
contribution in the WZ term. The non-relativistic flat D-brane actions obtained in [12]
are reproduced as a flat limit of the non-relativistic AdS D-brane actions.
Next we examine a non-relativistic limit of M-branes in AdS4/7×S7/4. The NH super-
algebra for M-branes are derived as IW contractions of the super-AdS4/7×S7/4 algebras.
To achieve this, we show that the directions along which a brane worldvolume extends
are restricted by requiring that the isometry of the AdS brane worldvolume and the
Lorentz symmetry in the transverse space naturally extend to the super-isometry, and
that possible M-branes are classified. As expected, the configurations obtained in [26,27]
by examining the κ-variation surface term of an open supermembrane are contained in the
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above classification. The similar analyses are applied to branes in M pp-wave, and derive
the NH superalgebras for these branes as IW contractions of the M pp-wave superalgebra.
We obtain the WZ terms of AdS branes as non-trivial elements of the CE cohomology on
g of the supergroup
G =OSp(8|4)/(SO(3,1)×SO(7)) or OSp(8∗|4)/(SO(4)×SO(6,1)).
We find that the non-relativistic limit exists for M2 (0,3), M2 (2,1), M5 (1,5) and M5
(3,3) in AdS4×S7 and S4×AdS7. By taking the non-relativistic limit of these AdS brane
actions, we derive the non-relativistic M-brane actions in AdS4/7×S7/4. It is shown that
by fixing the κ-gauge symmetry and the reparametrization the non-relativistic action for
AdS M2- and AdS M5-branes is reduced to a simple action which contains an additional
term originating from the flux contribution of the WZ term. The non-relativistic flat
M2-brane action given in [11] is reproduced as a flat limit of the non-relativistic AdS
M2-brane action.
This paper is divided into the two parts. Sections 2–5 are devoted to studies of AdS
branes in ten-dimensions, and those in eleven-dimensions are examined in sections 6–9.
In section 2, NH superalgebras for branes in AdS5×S5 are derived as IW contractions
of the super-AdS5×S5 algebra. It is shown that the directions along which the AdS
brane worldvolume extends are restricted by requiring that the isometry on the AdS
brane worldvolume and the Lorentz symmetry in the transverse space naturally extend
to the super-isometry. The similar analyses are applied to branes in IIB pp-wave in
section 3. WZ terms of AdS branes are derived by using the CE cohomology on the
AdS×S superalgebra in section 4. Examining a non-relativistic limit of AdS brane actions,
we obtain non-relativistic AdS brane actions in section 5. From section 6, M-theory in
AdS4/7×S7/4 is examined. We derive NH superalgebras for M-branes as IW contractions
of the super-AdS4/7×S7/4 algebras in section 6. The similar analyses are applied to branes
in M pp-wave in section 7. After deriving WZ terms of AdS M-branes by using the CE
cohomology on the AdS4/7×S7/4 superalgebras in section 8, we examine the non-relativistic
limit of AdS M-brane actions in section 9. The last section is devoted to a summary and
discussions.
The supervielbeins and the super spin-connections are given in Appendix A. In Ap-
pendix B, the κ-symmetry of Euclidean/Lorentzian brane actions is derived. Our con-
struction of brane actions is applicable to branes in a pp-wave by taking the Penrose
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limit instead of non-relativistic limit. In fact, we derive brane actions in the pp-wave in
Appendix C.
2 NH Superalgebra of Branes in AdS5×S5
The super-AdS5×S5 algebra, psu(2,2|4), is generated by translation PA = (Pa, Pa′),
Lorentz rotation JAB = (Jab, Ja′b′) and Majorana-Weyl supercharges QI(I = 1, 2) as
[Pa, Pb] = λ
2Jab , [Pa′ , Pb′] = −λ2Ja′b′ ,
[Pa, Jbc] = ηabPc − ηacPb , [Pa′, Jb′c′] = ηa′b′Pc′ − ηa′c′Pb′ ,
[Jab, Jcd] = ηbcJad + 3-terms , [Ja′b′ , Jc′d′ ] = ηb′c′Ja′d′ + 3-terms ,
[QI , PA] = −λ
2
QJ(iσ2)JI Γ̂A , [QI , JAB] = −1
2
QIΓAB ,
{QI , QJ} = 2iCΓAδIJh+PA − iλCΓ̂AB(iσ2)IJh+JAB , (2.1)
where a = 0, · · · , 4 and a′ = 5, · · · , 9 are vector indices of AdS5 and S5 respectively. The
gamma matrix ΓA ∈ Spin(1,9) satisfies
{ΓA,ΓB} = 2ηAB , (ΓA)T = −CΓAC−1 , CT = −C (2.2)
where C is the charge conjugation matrix. We use almost positive Minkowski metric ηAB
and define
Γ̂A = (−ΓaI,Γa′J ) , Γ̂AB = (−ΓabI,Γa′b′J ) , I = Γ01234 , J = Γ56789 ,
QIh+ = QI , h+ =
1
2
(1 + Γ11) , Γ11 = Γ01···9 , (2.3)
and λ = 1/R where R is the radii of AdS5 and S
5 .
By using an element g ∈ PSU(2,2|4), a left-invariant (LI) Cartan one-form is defined
as
Ω = g−1dg ≡ LAPA + 1
2
LABJAB +QIL
I . (2.4)
Then the Maurer-Cartan (MC) equation, which is satisfied by LI Cartan one-forms
dLAˆ =
1
2
LBˆLCˆfCˆBˆ
Aˆ , Ω = LAˆTAˆ , (2.5)
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is equivalent to the superalgebra [TAˆ, TBˆ} = fAˆBˆCˆTCˆ . The Jacobi identities f[AˆBˆDˆf|Dˆ|Cˆ)Eˆ =
0 of the commutation relation of the superalgebra is stated as the nilpotency of the dif-
ferential, d2 = 0 . Thus (2.1) is equivalent to
dLA = −ηBCLABLC + iL¯ΓAL ,
dLab = −λ2LaLb − ηcdLcaLbd + iλL¯ΓabIiσ2L ,
dLa
′b′ = +λ2La
′
Lb
′ − ηc′d′Lc′a′Lb′d′ − iλL¯Γa′b′J iσ2L ,
dLα = −λ
2
LAΓ̂Aiσ2L− 1
4
LABΓABL . (2.6)
We derive NH superalgebras for AdS branes as IW contractions of the super-AdS5×S5
algebra.
First we consider the bosonic subalgebra. Let us introduce the following coordinates:
A¯ = A0, · · · , Ap , A = Ap+1, · · · , A9 , (2.7)
where A¯ = (a¯, a¯′) represent the worldvolume directions of the AdS brane. When the
worldvolume extends along m directions in AdS5 and n directions in S
5, we call it an
(m,n)-brane. We rescale the generators as follow:
PA → 1
Ω
PA , JA¯B →
1
Ω
JA¯B . (2.8)
The limit Ω→ 0 leads to the NH algebra for the AdS brane
[Pa¯, Pb¯] = λ
2Ja¯b¯ , [Pa¯′ , Pb¯′] = −λ2Ja¯′ b¯′ ,
[Pa¯, Pb] = λ
2Ja¯b , [Pa¯′ , Pb′ ] = −λ2Ja¯′b′ ,
[PA¯, JB¯C¯ ] = ηA¯B¯PC¯ − ηA¯C¯PB¯ , [PA, JBC ] = ηABPC − ηACPB ,
[PA¯, JB¯C ] = ηA¯B¯PC ,
[JA¯B¯, JC¯D¯] = ηA¯D¯JB¯C¯ + 3-terms , [JAB, JCD] = ηADJBC + 3-terms ,
[JA¯B¯, JC¯D] = ηB¯C¯JA¯D − ηA¯C¯JB¯D , [JAB, JC¯D] = ηBDJC¯A − ηADJC¯B . (2.9)
This is the NH algebra of a brane given in [14] (see also [28]). The NH algebra contains two
subalgebras. One is the isometry of (m,n)-brane worldvolume generated by {PA¯, JA¯B¯},
the AdSm×Sn algebra so(m − 1, 2)×so(n + 1) for a Lorentzian brane and the Hm×Sn
algebra so(m, 1)×so(n + 1) for an Euclidean brane. The other is the Poincare´ algebra,
iso(5−m)×iso(5−n) for a Lorentzian brane and iso(4−m, 1)×iso(5−n) for a Euclidean
5
brane, generated by {PA, JAB} which is the isometry of the transverse space E5−m×E5−n
and E4−m,1 × E5−n respectively.
Next, we consider the fermionic part. Let us introduce a condition
θ = Mθ with M = ℓΓA¯0···A¯p ⊗ ρ (2.10)
where ℓ2(−1)[ p+12 ]ρ2 = 1 for M2 = 1. The 2 × 2 matrix ρ is determined below. As
θ = h+θ, [M,h+] = 0 is required so that p = odd. We demand that M satisfies following
relations
M ′ΓA¯ = ΓA¯M , (2.11)
M ′Γ̂A¯B¯iσ2 = Γ̂
A¯B¯iσ2M , (2.12)
where M ′ = C−1MTC. If these are satisfied, the isometry of the AdS brane worldvol-
ume and the Lorentz symmetry in the transverse space, so(m − 1, 2)×so(n + 1)×so(5 −
m)×so(5− n) for a Lorentzian brane and so(m, 1)×so(n+ 1)×so(4−m, 1)×so(5− n) for
a Euclidean brane, naturally extend to the super-isometry as will be seen below. It is
straightforward to see that the first condition is satisfied by ρT = ρ for p = 1 mod 4 and
by ρT = −ρ for p = 3 mod 4. The second condition restricts the direction along which
branes extend. Since, for ρ = 1(p = 1 mod 4) and ρ = iσ2(p = 3 mod 4), we derive
M ′Γ̂A¯B¯iσ2 = (−1)dΓ̂A¯B¯iσ2M , (2.13)
we have (odd,odd)-branes. d denotes the number of Dirichlet directions contained in
AdS5. On the other hand, for ρ = σ1, σ3 (p = 1 mod 4), since
M ′Γ̂A¯B¯iσ2 = −(−1)dΓ̂A¯B¯iσ2M , (2.14)
(even,even)-branes are allowed. In both cases, we have ℓ =
√−s and
M ′ = −M . (2.15)
We summarize branes in Table 1. The 9-brane is nothing but AdS5×S5 itself as M = h+
in this case. The (even,even)-branes (p = 1 mod 4) and (odd,odd)-branes (p = 3 mod 4)
are 1/2 BPS Dirichlet branes of F- and D-strings in AdS5×S5 derived in [16–18]1. In
the presence of gauge field condensates, see [19]. As will be seen in section 4, we find
consistent non-relativistic limits for these AdS branes.
1The brane probe analysis [29] is also consistent with this result.
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ρ 1-brane 3-brane 5-brane 7-brane 9-brane
σ1, σ3 (2,0), (0,2) (4,2), (2,4)
iσ2 (3,1), (1,3) (5,3), (3,5)
1 (1,1) (5,1), (3,3), (1,5) (5,5)
Table 1: Branes in AdS5×S5
Let us decompose Qα with the projection operator
P± = 1
2
(1±M) as Q = Q+ +Q− , Q±P± = Q± , (2.16)
and rescale fermionic generators as
Q+ → Q+ , Q− → 1
Ω
Q− . (2.17)
Taking Ω→ 0 leads to (anti-)commutation relations
[PA¯, Q+] =
λ
2
Q+Γ̂A¯iσ2 , [PA, Q+] =
λ
2
Q−Γ̂Aiσ2 , [PA¯, Q−] =
λ
2
Q−Γ̂A¯iσ2 ,
[JA¯B¯, Q±] =
1
2
Q±ΓA¯B¯ , [JAB, Q±] =
1
2
Q±ΓAB , [JA¯B, Q+] =
1
2
Q−ΓA¯B ,
{Q+, Q+} = 2iCΓA¯h+P+PA¯ − iλCΓ̂A¯B¯iσ2h+P+JA¯B¯ − iλCΓ̂ABiσ2h+P+JAB ,
{Q+, Q−} = 2iCΓAh+P−PA − 2iλCΓ̂A¯Biσ2h+P−JA¯B . (2.18)
In summary, we have derived the NH superalgebra for AdS brane, (2.9) and (2.18), as an
IW contraction of psu(2,2|4). The NH superalgebra for an F-string [15] is contained as
the p = 1 case.
We note that generators PA¯, JA¯B¯, JAB and Q+ form a super-subalgebra
[Pa¯, Pb¯] = λ
2Ja¯b¯ , [Pa¯′ , Pb¯′ ] = −λ2Ja¯′ b¯′ , [PA¯, JB¯C¯ ] = ηA¯B¯PC¯ − ηA¯C¯PB¯ ,
[JA¯B¯, JC¯D¯] = ηA¯D¯JB¯C¯ + 3-terms , [JAB, JCD] = ηADJBC + 3-terms ,
[PA¯, Q+] =
λ
2
Q+Γ̂A¯iσ2 , [JA¯B¯, Q+] =
1
2
Q+ΓA¯B¯ , [JAB, Q+] =
1
2
Q+ΓAB ,
{Q+, Q+} = 2iCΓA¯h+P+PA¯ − iλCΓ̂A¯B¯iσ2h+P+JA¯B¯ − iλCΓ̂ABiσ2h+P+JAB , (2.19)
which is a supersymmetrization of so(m − 1, 2)×so(n + 1)×so(5 − m)×so(5 − n) for a
Lorentzian brane and so(m, 1)×so(n+ 1)×so(4−m, 1)×so(5− n) for a Euclidean brane.
The superalgebra for the (5,5)-brane is psu(2,2|4). Since the dimension of the bosonic
subalgebra is 14 for (1,1)-, (3,1)-, (1,3)- and (3,3)-branes, 16 for (2,0)-, (0,2)-, (4,2)-,
7
(2,4)-branes, and 22 for (5,1)-, (1,5)-, (5,3)- and (3,5)-branes, one may guess the cor-
responding superalgebras as those including variants of su(2|2)×su(2|2), osp(4|4) and
osp(6|2)×psu(2|1), respectively. The existence of these superalgebras is ensured by (2.11)
and (2.12).
It is straightforward to derive MC equations for the AdS brane NH superalgebra (2.9)
and (2.18)
dLA¯ = −ηB¯C¯LA¯B¯LC¯ + iL¯+ΓA¯L+ , (2.20)
dLA = −ηB¯C¯LAB¯LC¯ − ηBCLABLC + iL¯+ΓAL− + iL¯−ΓAL+ , (2.21)
dLa¯b¯ = −λ2La¯Lb¯ − ηc¯d¯Lc¯a¯Lb¯d¯ − iλL¯+Γ̂a¯b¯iσ2L+ , (2.22)
dLa¯
′ b¯′ = +λ2La¯
′
Lb¯
′ − ηc¯′d¯′Lc¯′a¯′Lb¯′d¯′ − iλL¯+Γ̂a¯′ b¯′iσ2L+ , (2.23)
dLAB = −ηCDLCALBD − iλL¯+Γ̂ABiσ2L+ , (2.24)
dLa¯b = −λ2La¯Lb − ηc¯d¯Lc¯a¯Lbd¯ − ηcdLca¯Lbd
−iλL¯+Γ̂a¯biσ2L− − iλL¯−Γ̂a¯biσ2L+ , (2.25)
dLa¯
′b′ = +λ2La¯
′
Lb
′ − ηc¯′d¯′Lc¯′a¯′Lb
′d¯′ − ηc′d′Lc′a¯′Lb′d′
−iλL¯+Γ̂a¯′b′iσ2L− − iλL¯−Γ̂a¯′b′iσ2L+ , (2.26)
dL+ = −λ
2
LA¯Γ̂A¯iσ2L+ −
1
4
LA¯B¯ΓA¯B¯L+ −
1
4
LABΓABL+ , (2.27)
dL− = −λ
2
LA¯Γ̂A¯iσ2L− −
λ
2
LAΓ̂Aiσ2L+
−1
4
LA¯B¯ΓA¯B¯L− −
1
4
LABΓABL− − 1
2
LA¯BΓA¯BL+ . (2.28)
An alternative way to derive these MC equations is to rescale the Cartan one-forms in
the MC equation (2.6) as
LA → ΩLA , LA¯B → ΩLA¯B , L− → ΩL− (2.29)
and take the limit Ω → 0 . This provides the leading order terms of the expansion
considered in the non-relativistic limit in section 4.
Finally, let us consider an alternative scaling
λ→ 1
ω
λ , PA¯ →
1
ω
PA¯ , JA¯B → ωJA¯B , Q+ →
1√
ω
Q+ , Q− →
√
ωQ− . (2.30)
Since λ is absorbed as
PA¯ →
1
λ
PA¯ , PA →
1
λ
PA , Q± → 1√
λ
Q± , (2.31)
this is equivalent to (2.8) and (2.17) with Ω = 1/ω . In this paper, we use (2.8) and (2.17)
instead of (2.30), though both limits lead to the same results.
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3 NH Superalgebra of Branes in IIB PP-Wave
Type IIB PP-wave superalgebra is obtained as an IW contraction of the super-AdS5×S5
algebra. First of all, let us introduce the following quantities for later convenience,
P± =
1√
2
(P9 ± P0) , P ∗iˆ = (P ∗i = J0i, P ∗i′ = J9i′) , (3.1)
Q = Q(+) +Q(−) , Q(±) = Q(±)ℓ± , ℓ± =
1
2
Γ±Γ∓ , Γ± =
1√
2
(Γ9 ± Γ0)
where i = 1, 2, 3, 4 and i′ = 5, 6, 7, 8. The IW contraction is performed in [5] by scaling
generators in the super-AdS5×S5 algebra as
P+ → 1
Λ2
P+ , Piˆ →
1
Λ
Piˆ , P
∗
iˆ
→ 1
Λ
P ∗
iˆ
, Q(+) → 1
Λ
Q(+) , (3.2)
and then taking the limit Λ → 0 . After the contraction, the super-AdS5×S5 algebra is
reduced to the IIB pp-wave superalgebra
[P−, Piˆ] = −
λ2√
2
P ∗
iˆ
, [P−, P
∗
iˆ
] =
1√
2
Piˆ , [Piˆ, P
∗
jˆ
] = − 1√
2
ηiˆjˆP+ ,
[Piˆ, Jjˆkˆ] = ηiˆjˆPkˆ − ηiˆkˆPjˆ , [P ∗iˆ , Jjˆkˆ] = ηiˆjˆP ∗kˆ − ηiˆkˆP ∗jˆ , [Jiˆjˆ , Jkˆlˆ] = ηjˆkˆJiˆlˆ + 3-terms ,
[Q(−), Piˆ] =
1
2
Q(+)ΓiˆIiσ2 , [Q(+), P−] = −
1
2
Q(+)Γ+Iiσ2 ,
[Q(−), P ∗
iˆ
] =
1
2
√
2
Q(+)Γ+Γiˆ , [Q
(±), Jiˆjˆ] = −
1
2
Q(±)Γiˆjˆ ,
{Q(+), Q(+)} = 2iCΓ−P+ ,
{Q(−), Q(−)} = 2iCΓ+P− − i λ√
2
CΓ̂iˆjˆiσ2Jiˆjˆ ,
{Q(±), Q(∓)} = 2iCΓiˆℓ∓Piˆ + iλCΓ̂iˆℓ∓iσ2P ∗iˆ , (3.3)
where Γ̂iˆjˆ = (−ΓijΓ+f,Γi′j′Γ+g), Γ̂iˆ = (Γif,Γi′g), f = Γ1234 and g = Γ5678 . The bosonic
subalgebra, the pp-wave algebra, is the semi-direct product of the Heisenberg algebra
generated by {Piˆ, P ∗iˆ } with an outer automorphism P− and the Lorentz algebra generated
by Jiˆjˆ .
3.1 Lorentzian branes
Here we consider the case that (+,−) are contained in the Neumann directions. Let us
denote the Neumann and the Dirichlet directions, respectively, as
A¯ = (+,−, ¯ˆi) , A = iˆ . (3.4)
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We derive the NH superalgebra of a Lorentzian pp-wave brane as an IW contraction of
the pp-wave superalgebra.
Let us first consider the bosonic subalgebra. We rescale generators in the pp-wave
algebra as
PA → 1
Ω
PA , J¯ˆijˆ →
1
Ω
J¯ˆijˆ , P
∗
iˆ
→ 1
Ω
P ∗
iˆ
, (3.5)
and then take the limit Ω → 0 . The resulting algebra is the NH algebra of a pp-wave
brane
[P−, P¯ˆi] = −
λ2√
2
P ∗¯ˆi , [P−, Piˆ] = −
λ2√
2
P ∗
iˆ
, [P−, P
∗
¯ˆi
] =
1√
2
P¯ˆi , [P−, P
∗
iˆ
] =
1√
2
Piˆ ,
[P¯ˆi, P
∗
¯ˆi
] = − 1√
2
η¯ˆi¯ˆjP+ , [P¯ˆi, J¯ˆjkˆ] = η¯ˆi¯ˆjPkˆ , [J¯ˆijˆ , P
∗
¯ˆ
k
] = −η¯ˆi¯ˆkP ∗jˆ , (3.6)
and
[P¯ˆi, J¯ˆj ¯ˆk] = η¯ˆi¯ˆjP¯ˆk − η¯ˆi¯ˆkP¯ˆj , [Piˆ, Jjˆkˆ] = ηiˆjˆPkˆ − ηiˆkˆPjˆ ,
[J¯ˆi¯ˆj , P
∗
¯ˆ
k
] = η¯ˆj ¯ˆkP
∗
¯ˆi
− η¯ˆi¯ˆkP ∗¯ˆj , [Jiˆjˆ , P
∗
kˆ
] = ηjˆkˆP
∗
iˆ
− ηiˆkˆP ∗jˆ ,
[J¯ˆi¯ˆj , J¯ˆk¯ˆl] = η¯ˆj ¯ˆkJ¯ˆi¯ˆl + 3-terms , [Jiˆjˆ, Jkˆlˆ] = ηjˆkˆJiˆlˆ + 3-terms ,
[J¯ˆi¯ˆj , J¯ˆklˆ] = η¯ˆj ¯ˆkJ¯ˆilˆ − η¯ˆi¯ˆkJ¯ˆjlˆ , [Jiˆjˆ , J¯ˆklˆ] = ηiˆlˆJjˆ ¯ˆk − ηjˆ lˆJiˆ¯ˆk . (3.7)
Next we consider the fermionic part. We introduce a matrix M
M = ℓΓ+−A¯1···A¯p−1ρ (3.8)
where ρ is a 2× 2 matrix. Then Q(±) are decomposed into the two parts as follows:
Q
(•)
± = ±Q(•)± M . (3.9)
The chirality of Q(•) is preserved only when p =odd. In addition, requiring that M2 = 1 ,
we obtain the following condition,
ℓ2(−1)[ p−12 ]ρ2 = 1 . (3.10)
Then we demand that
M ′ΓA¯ = ΓA¯M , (3.11)
M ′Γ̂
¯ˆi¯ˆjiσ2 = Γ̂
¯ˆi¯ˆjiσ2M (3.12)
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where
M ′ = C−1MTC = ±(−1)p+[ p−12 ]M , ρT = ±ρ . (3.13)
Since
M ′ΓA¯ = ±(−1)[ p−12 ]ΓA¯M , ρT = ±ρ, (3.14)
the first condition is satisfied by
± (−1)[ p−12 ] = 1 , ρT = ±ρ . (3.15)
This implies that ρT = ρ for p = 1 mod 4 and ρT = −ρ for p = 3 mod 4 , and that
M ′ = −M and ℓ = 1 . The second condition is rewritten as
± (−1)n = 1 , ρT =
{
1, iσ2
σ1, σ3
(3.16)
where n is the number of the Neumann directions contained in {1, 2, 3, 4} and {5, 6, 7, 8}
so that the directions along which a pp-wave brane worldvolume extends are restricted.
We summarize the results in Table 2. (+,−;odd,odd)-branes with p = 1 mod 4 and
ρ 1-brane 3-brane 5-brane 7-brane 9-brane
σ1, σ3 (+,−; 1, 3)
(+,−; 3, 1)
iσ2 (+,−; 0, 2) (+,−; 4, 2)
(+,−; 2, 0) (+,−; 2, 4)
1 (+,−) (+,−; 0, 4) (+,−; 4, 4)
(+,−; 2, 2)
(+,−; 4, 0)
Table 2: Lorentzian pp-wave branes.
(+,−;even,even)-branes with p = 3 mod 4 are 1/2 BPS D-branes of an open pp-wave
superstring [16, 30]. Our results are consistent with those obtained in the brane probe
analysis [29], the supergravity analysis [31] and the CFT analysis in the light-cone gauge
[32–35].
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Scaling Q
(•)
± as
Q
(•)
+ → Q(•)+ , Q(•)− →
1
Ω
Q
(•)
− (3.17)
and taking the limit Ω→ 0, we obtain the fermionic part of the NH superalgebra
[Q
(−)
± , P¯ˆi] = −
1
2
√
2
Q
(+)
± Γ¯ˆiΓ+fiσ2 , [Q
(−)
+ , Piˆ] = −
1
2
√
2
Q
(+)
− ΓiˆΓ+fiσ2 ,
[Q
(+)
± , P−] = −
1√
2
Q
(+)
± fiσ2 , [Q
(−)
± , P
∗
¯ˆi
] =
1
2
√
2
Q
(+)
± Γ+Γ¯ˆi ,
[Q
(−)
+ , P
∗
iˆ
] =
1
2
√
2
Q
(+)
− Γ+Γiˆ , [Q
(•)
± , J¯ˆi¯ˆj] = −
1
2
Q
(•)
± Γ¯ˆi¯ˆj , [Q
(•)
± , Jiˆjˆ] = −
1
2
Q
(•)
± Γiˆjˆ ,
[Q
(±)
+ , J¯ˆijˆ] = −
1
2
Q
(±)
− Γ¯ˆijˆ , {Q
(+)
+ , Q
(+)
+ } = 2iCΓ−P+P+ ,
{Q(−)+ , Q(−)+ } = 2iCΓ+P−P+ − i
λ√
2
CΓ̂¯ˆi¯ˆjiσ2ℓ−P+J¯ˆi¯ˆj − i
λ√
2
CΓ̂iˆjˆiσ2ℓ−P+Jiˆjˆ ,
{Q(−)± , Q(−)∓ } = −2i
λ√
2
CΓ̂¯ˆijˆiσ2ℓ−P∓J¯ˆijˆ ,
{Q(+)+ , Q(−)+ } = 2iCΓ
¯ˆiℓ−P+P¯ˆi + iλCΓ̂
¯ˆiiσ2ℓ−P+P ∗¯ˆi ,
{Q(+)± , Q(−)∓ } = 2iCΓiˆℓ−P∓Piˆ + iλCΓ̂iˆiσ2ℓ−P∓P ∗iˆ . (3.18)
In summary we have obtained the NH superalgebra of a pp-wave brane as (3.6), (3.7)
and (3.18). This superalgebra can be derived from the NH superalgebra of an AdS brane
(2.9) and (2.18) by an IW contraction.
We note that the NH superalgebra of a pp-wave brane contains a super-subalgebra
generated by P±, P¯ˆi, P
∗
¯ˆi
, J¯ˆi¯ˆj, Jiˆjˆ and Q
(±)
+
[P−, P¯ˆi] = −
λ2√
2
P ∗¯ˆi , [P−, P
∗
¯ˆi
] =
1√
2
P¯ˆi , [P¯ˆi, P
∗
¯ˆi
] = − 1√
2
η¯ˆi¯ˆjP+ ,
[P¯ˆi, J¯ˆj ¯ˆk] = η¯ˆi¯ˆjP¯ˆk − η¯ˆi¯ˆkP¯ˆj , [J¯ˆi¯ˆj , P ∗¯ˆk ] = η¯ˆj ¯ˆkP
∗
¯ˆi
− η¯ˆi¯ˆkP ∗¯ˆj ,
[J¯ˆi¯ˆj , J¯ˆk¯ˆl] = η¯ˆj ¯ˆkJ¯ˆi¯ˆl + 3-terms , [Jiˆjˆ, Jkˆlˆ] = ηjˆkˆJiˆlˆ + 3-terms ,
[Q
(−)
+ , P¯ˆi] = −
1
2
√
2
Q
(+)
+ Γ¯ˆiΓ+fiσ2 , [Q
(+)
+ , P−] = −
1√
2
Q
(+)
+ fiσ2 ,
[Q
(−)
+ , P
∗
¯ˆi
] =
1
2
√
2
Q
(+)
+ Γ+Γ¯ˆi , [Q
(•)
+ , J¯ˆi¯ˆj] = −
1
2
Q
(•)
+ Γ¯ˆi¯ˆj , [Q
(•)
+ , Jiˆjˆ] = −
1
2
Q
(•)
+ Γiˆjˆ ,
{Q(+)+ , Q(+)+ } = 2iCΓ−P+P+ ,
{Q(−)+ , Q(−)+ } = 2iCΓ+P−P+ − i
λ√
2
CΓ̂¯ˆi¯ˆjiσ2ℓ−P+J¯ˆi¯ˆj − i
λ√
2
CΓ̂iˆjˆiσ2ℓ−P+Jiˆjˆ ,
{Q(+)+ , Q(−)+ } = 2iCΓ
¯ˆiℓ−P+P¯ˆi + iλCΓ̂
¯ˆiiσ2ℓ−P+P ∗¯ˆi . (3.19)
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This is regarded as a supersymmetrization of the pp-wave algebra which is the isometry on
the brane worldvolume and the Lorentz symmetry in the transverse space. The existence
of this super-subalgebra is ensured by the conditions (3.11) and (3.12).
3.2 Euclidean branes
We consider the case that (+,−) are contained in the Dirichlet direction. Let us denote
Neumann and Dirichlet directions as A¯ = ¯ˆi and A = (+,−, iˆ) , respectively. We derive
the NH superalgebra of a Euclidean pp-wave brane as an IW contraction of the pp-wave
superalgebra.
First we consider the bosonic subalgebra. We rescale generators in the pp-wave algebra
as
PA → 1
Ω
PA , J¯ˆijˆ →
1
Ω
J¯ˆijˆ , P
∗
¯ˆi
→ 1
Ω
P ∗¯ˆi , (3.20)
and then take the limit Ω → 0. Under the contraction, we obtain the NH algebra of a
Euclidean pp-wave brane
[P−, P¯ˆi] = −
λ2√
2
P ∗¯ˆi , [P−, P
∗
iˆ
] =
1√
2
Piˆ , [P¯ˆi, J¯ˆjkˆ] = η¯ˆi¯ˆjPkˆ , [J¯ˆijˆ, P
∗
kˆ
] = ηjˆkˆP
∗
¯ˆi
,
[P¯ˆi, P
∗
¯ˆj
] = − 1√
2
η¯ˆi¯ˆjP+ , [Piˆ, P
∗
jˆ
] = − 1√
2
ηiˆjˆP+ , (3.21)
and (3.7).
To contract the fermionic part of the pp-wave superalgebra, we introduce a matrix
M = ℓΓA¯1···A¯pρ , ℓ2(−1)[ p+12 ]ρ2 = 1 (3.22)
and decompose Q(±) as
Q
(•)
± = ±Q(•)± M (3.23)
where p =odd for the chirality of Q(±). We demand that (3.11) and (3.12) are satisfied.
The first condition (3.11) is satisfied when
± (−1)p+[ p+12 ] = 1 , ρT = ±ρ (3.24)
so that ρT = ρ for p = 1 mod 4 and ρT = −ρ for p = 3 mod 4. It follows that M ′ = −M
and ℓ =
√−1. Next, the second condition (3.12) is found to be satisfied when
± (−1)p+n = 1 , ρ =
{
1, iσ2
σ1, σ3
. (3.25)
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This restricts the brane configuration as follows: (odd,odd)-branes with ρ = 1 and
(even,even)-branes with ρ = σ1, σ3 for p = 1 mod 4, and (odd,odd)-branes with ρ = iσ2
for p = 3 mod 4. We summarize the result in Table 3. (even,even)-branes of p = 1 mod 4
ρ 1-brane 3-brane 5-brane 7-brane 9-brane
σ1, σ3 (0,2),(2,0) (2,4),(4,2) -
iσ2 (1,3),(3,1) -
1 (1,1) (1,3),(3,1) (5,5)
Table 3: Euclidean pp-wave branes
and (odd,odd)-branes of p = 3 mod 4 are 1/2 BPS D-branes of an open pp-wave super-
string [16, 30].
Scaling Q
(•)
± as (3.17) and taking the limit Ω→ 0, we obtain the fermionic part of the
NH superalgebra of a Euclidean pp-wave brane
[Q
(−)
± , P¯ˆi] = −
1
2
√
2
Q
(+)
± Γ¯ˆiΓ+fiσ2 , [Q
(−)
+ , Piˆ] = −
1
2
√
2
Q
(+)
∓ ΓiˆΓ+fiσ2 ,
[Q
(+)
+ , P−] = −
1√
2
Q
(+)
− fiσ2 , [Q
(−)
+ , P
∗
¯ˆi
] =
1
2
√
2
Q
(+)
− Γ+Γ¯ˆi ,
[Q
(−)
± , P
∗
iˆ
] =
1
2
√
2
Q
(+)
± Γ+Γiˆ , [Q
(•)
± , J¯ˆi¯ˆj] = −
1
2
Q
(•)
± Γ¯ˆi¯ˆj , [Q
(•)
± , Jiˆjˆ] = −
1
2
Q
(•)
± Γiˆjˆ ,
[Q
(•)
+ , J¯ˆijˆ] = −
1
2
Q
(•)
− Γ¯ˆijˆ ,
{Q(+)± , Q(+)∓ } = 2iCΓ−P+ ,
{Q(−)± , Q(−)∓ } = 2iCΓ+P− − 2i
λ√
2
CΓ̂¯ˆijˆiσ2J¯ˆijˆ ,
{Q(−)+ , Q(−)+ } = −i
λ√
2
CΓ̂¯ˆi¯ˆjiσ2J¯ˆi¯ˆj − i
λ√
2
CΓ̂iˆjˆiσ2Jiˆjˆ ,
{Q(±)+ , Q(∓)+ } = 2iCΓ
¯ˆiℓ∓P¯ˆi + iλCΓ̂iˆℓ∓iσ2P ∗iˆ ,
{Q(±)+ , Q(∓)− } = 2iCΓiˆℓ∓Piˆ + iλCΓ̂
¯ˆiℓ∓iσ2P
∗
¯ˆi
. (3.26)
Summarizing we have obtained the NH superalgebra of Euclidean pp-wave brane as (3.21),
(3.7) and (3.26). Obviously, this superalgebra can be derived from the NH superalgebra
of an AdS brane (2.9) and (2.18) by an IW contraction.
We note that the NH superalgebra contains a super-subalgebra generated by P¯ˆi, P
∗
iˆ
,
14
J¯ˆi¯ˆj, Jiˆjˆ and Q
(±)
+
[P¯ˆi, J¯ˆj ¯ˆk] = η¯ˆi¯ˆjP¯ˆk − η¯ˆi¯ˆkP¯ˆj , [Jiˆjˆ, P ∗kˆ ] = −ηiˆkˆP ∗jˆ + ηjˆkˆP ∗iˆ ,
[J¯ˆi¯ˆj , J¯ˆk¯ˆl] = η¯ˆj ¯ˆkJ¯ˆi¯ˆl + 3-terms , [Jiˆjˆ, Jkˆlˆ] = ηjˆkˆJiˆlˆ + 3-terms
[Q
(−)
+ , P¯ˆi] = −
1
2
√
2
Q
(+)
+ Γ¯ˆiΓ+fiσ2 , [Q
(−)
+ , P
∗
iˆ
] =
1
2
√
2
Q
(+)
+ Γ+Γiˆ ,
[Q
(•)
+ , J¯ˆi¯ˆj] = −
1
2
Q
(•)
+ Γ¯ˆi¯ˆj , [Q
(•)
+ , Jiˆjˆ] = −
1
2
Q
(•)
+ Γiˆjˆ ,
{Q(−)+ , Q(−)+ } = −i
λ√
2
CΓ̂¯ˆi¯ˆjiσ2J¯ˆi¯ˆj − i
λ√
2
CΓ̂iˆjˆiσ2Jiˆjˆ ,
{Q(±)+ , Q(∓)+ } = 2iCΓ
¯ˆiℓ∓P¯ˆi + iλCΓ̂iˆℓ∓iσ2P ∗iˆ (3.27)
which is regarded as a supersymmetrization of the Poincare´ algebra generated by {P¯ˆi, J¯ˆi¯ˆj}
which is the isometry on the brane worldvolume and the Lorentz symmetry in the trans-
verse space generated by {P ∗
iˆ
, Jiˆjˆ}. The conditions (3.11) and (3.12) ensure the existence
of this super-subalgebra.
4 Branes in AdS5×S5
A D-brane action [36] (see [37] for flat D-branes) is composed of the Dirac-Born-Infeld
(DBI) action and the WZ action
S = SDBI + SWZ . (4.1)
The DBI action is given, suppressing the dilaton and axion factors here, as
SDBI = T
∫
Σ
LDBI , LDBI =
√
s det(g + F) dp+1ξ (4.2)
where F = F − B and F = dA, and s = −1 for a Lorentzian brane while s = 1 for a
Euclidean brane. T is the tension of the brane. B is the pullback of the NS-NS two-form
and A is the gauge field on the worldvolume. For an F-string, the DBI action is replaced
by the Nambu-Goto (NG) action
SNG = T
∫
Σ
LNG , LNG =
√
s det g d2ξ . (4.3)
The WZ action2 is characterized by supersymmetric closed (p+ 2)-form hp+2
SWZ = T
∫
Σ
LWZ , hp+2 = dLWZ =
∑
n=0
1
n!
h(p+2−2n)Fn . (4.4)
2See [38] for the Roiban-Siegel formulation [39] of AdS D-branes.
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The closedness of hp+2
0 = dhp+2 =
∑
n=0
1
n!
(
dh(p+2−2n) − h(p−2n)dF)Fn (4.5)
implies
dh(p+2−2n) − h(p−2n)dF = 0 . (4.6)
4.1 CE-cohomology classification
In [20], it is shown that the Wess-Zumino (WZ) terms of p-branes in flat spacetime can be
classified as non-trivial elements of the Chevalley-Eilenberg (CE) cohomology [21]. Let
Cp(g,R) be the vector space of p-cochains of a Lie algebra g. A p-cochain is a linear
antisymmetric map: g × · · · × g 7→ R and a coboundary operator δ with δ2 = 0 acts as
Cp(g,R) 7→ Cp+1(g,R). The CE cohomology group Hp(g,R) is defined by Zp/Bp where
Zp and Bp are the vector spaces of p-cocycles c ∈ Zp satisfying δc = 0 and p-coboundaries
c ∈ Bp satisfying c = δc′ with c′ ∈ Cp−1(g,R), respectively. In the present context, this
is viewed as the de Rham cohomology group Ep(G,R) for left-invariant (LI) p-forms on
the supergroup G =“super-Poincare´”/“Lorentz”, for which a non-trivial element of the
cohomology is a closed LI p-form modulo exact LI p-forms on G. This is generalized
to D-branes in [22, 23] by introducing an additional two form which corresponds to the
modified field strength of background B field.
Here we examine WZ terms of AdS branes by using the CE cohomology on g of
the supergroup G =PSU(2,2|4)/(SO(4,1)×SO(5)), i.e. “super-AdS5×S5”/“Lorentz”. We
show that except for the p = 1 case hp+2 can be obtained as a Lorentz invariant non-trivial
element of the CE-cohomology on the free differential algebra which is the MC equations
(2.6) corresponding to the super-AdS5×S5 algebra (2.1) equipped with
dF = −iLAL¯ΓAσL (4.7)
where σ is σ3 for D-branes while −σ1 for F1- and NS5-branes.
In order not to introduce an additional dimensionful parameter we assign a dimension
to Cartan one-forms as follows
LA Lα LAB λ F hp+2 h(k)
dim 1 1/2 0 −1 2 p+ 1 k − 1
(4.8)
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where dimhp+2 = p+ 1 because dimhp+2 = dimLpWZ = dimLpBI = p+ 1 for structureless
fundamental branes.
Suppose that h(k) is of the form (LA)n(Lα)mλl, then n, m and l must satisfy
n +
1
2
m− l = k − 1, n+m = k, (4.9)
because h(k) is a Lorentz invariant k-form of dimension k− 1. We require that ǫa1···a5 and
ǫa′
1
···a′
5
are accompanied with λ; λǫa1···a5 and λǫa′1···a′5 , because ǫa1···a5 and ǫa′1···a′5 disappear
in the flat limit λ → 0. Requiring l ≥ 0 because otherwise h(k) diverges in the flat limit.
This implies l = −1
2
m + 1 ≤ 1 and so we consider l = 0, 1. Since (4.9) is satisfied for
(m,n) = (2, k − 2), (0, k) for l = 0, 1, respectively, we find that h(k), k = 1, 3, 5, ..., has
the following form
h(1) = 0, (4.10)
h(3) = c
(3)
0 L
aL¯Γa̺
(3)
0 L+ c
(3)
1 L
a′L¯Γa′̺
(3)
1 L, (4.11)
h(5) = c
(5)
0 L
a1La2La3L¯Γa1a2a3̺
(5)
0 L+ · · ·+ c(5)3 La
′
1La
′
2La
′
3L¯Γa′
1
a′
2
a′
3
̺
(5)
3 L
+b0λǫa1···a5L
a1 · · ·La5 + b5λǫa′
1
···a′
5
La
′
1 · · ·La′5 , (4.12)
h(7) = c
(7)
0 L
a1 · · ·La5L¯Γa1···a5̺(7)0 L+ · · ·+ c(7)5 La
′
1 · · ·La′5L¯Γa′1···a′5̺
(7)
5 L, (4.13)
h(9) = c
(9)
0 L
a1 · · ·La7L¯Γa1···a7̺(9)0 L+ · · ·+ c(9)7 La
′
1 · · ·La′7L¯Γa′1···a′7̺
(9)
7 L, (4.14)
where c
(k)
i and bi are constants determined below. ̺
(k)
i are 2 × 2 matrices satisfying
̺(k)
T
= ̺(k) for k = 3, 7 while ̺(k)
T
= −̺(k) for k = 5, 9, because CΓA1···AN is symmetric
for N = 1, 2 mod 4 and anti-symmetric otherwise.
It is straightforward to solve (4.6) to determine coefficients and ̺
(k)
i . We find
h(1) = 0, (4.15)
h(3) = cLAL¯ΓA̺L, (4.16)
h(5) =
c
3!
[
LA1LA2LA3L¯ΓA1A2A3iσ2L+
i
5
λ
(
ǫa1···a5L
a1 · · ·La5 − ǫa′
1
···a′
5
La
′
1 · · ·La′5)],(4.17)
h(7) =
c
5!
LA1 · · ·LA5L¯ΓA1···A5̺L, (4.18)
h(9) =
c
7!
LA1 · · ·LA7L¯ΓA1···A7iσ2L . (4.19)
In Appendix B, c = c
(3)
0 is determined by the κ-invariance [36] of the total action S as
c = i and 1 for Lorentzian and Euclidean branes respectively: c =
√
s. ̺ is σ1(σ3) for
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σ = σ3(−σ1) respectively. The closedness (4.6) is ensured by the Fierz identities
(CΓA)(αβ(CΓA̺)γδ) = 0 ,
(CΓC)(αβ(CΓABCiσ2)γδ) + 2(CΓ[A̺)(αβ(CΓB]σ)γδ) = 0 ,
(CΓB)(αβ(CΓA1···A4B̺)γδ) + 4(CΓ[A1A2A3iσ2)(αβ(CΓA4]σ)γδ) = 0 ,
(CΓB)(αβ(CΓA1···A6Biσ2)γδ) + 6(CΓ[A1···A5̺)(αβ(CΓA6]σ)γδ) = 0 . (4.20)
In summary, closed (p + 2)-forms hp+2 are composed in terms of h
(k) found above as in
(4.4). The actions S for F1- and D3-branes coincide with those obtained in [40] and [41],
respectively.
We show that hp+2 is a non-trivial element of the cohomology except for h3. If hp+2
is exact, there exists bp+1 such as hp+2 = dbp+1. Since
h3 = db2 , b2 = −cλ−1L¯I̺iσ2L (4.21)
h3 is a trivial element of the cohomology [24,25]. Next we show that hp+2 with p = 3, 5, 7
is not exact. Let us examine a term of the form 1
(p−1
2
)!
h(3)F p−12 contained in hp+2. We
note that F can be written as3
F = icλ−1L¯Iσiσ2L (4.22)
up to an exact form, and that there does not exist a one-form supercurrent f such that
F = df . So bp+1 must contain a term of the form L¯I̺iσ2LF p−12 . Differentiating it, we
have L¯I̺iσ2L LAL¯ΓAσLF p−32 in addition to 1(p−1
2
)!
h(3)F p−12 . For hp+2 to be exact, this
term must be canceled by the differential of a term which is a (p + 1)-form with p − 1
Lα’s. From the MC equation (2.6), we see that there does not exist such a term. Thus
hp+2 with p = 3, 5, 7 obtained above are non-trivial elements of the cohomology.
4.2 (p+ 1)-dimensional form of the WZ term
In this subsection, we give the (p + 1)-dimensional form of the WZ term hp+2. We
follow [40,41] in which the (p+1)-dimensional form of the WZ term of F1- and D3-branes
are given.
3This implies that h2 = h
(2) + h(0)F with h(0) = icˆλ and h(2) = −cˆL¯Iσiσ2L can be a nontrivial
element of the cohomology. It is interesting to examine the 0-brane action with the WZ term h2.
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The LI Cartan one-forms satisfy the following differential equations
∂tLˆ
A = 2iθ¯ΓALˆ , (4.23)
∂tLˆ
α = dθ +
λ
2
LˆAΓ̂Aiσ2θ +
1
4
LˆABΓABθ , (4.24)
∂tLˆ
AB = −2iλθ¯Γ̂ABiσ2Lˆ (4.25)
where a “hat” on a supercurrent implies that θ is rescaled as θ→ tθ. First we note that
∂tdFˆ = −∂tdBˆ = −2id(LˆA ˆ¯LΓAσθ) . (4.26)
This is solved by
B = 2i
∫ 1
0
dt LˆA ˆ¯LΓAσθ +B
(2) . (4.27)
where B(2) is a bosonic 2-form satisfying dB(2) = 0. Thus we obtain
F = F − 2i
∫ 1
0
dt LˆA ˆ¯LΓAσθ −B(2) , (4.28)
∂tFˆ = −2i(LˆA ˆ¯LΓAσθ) . (4.29)
For D-brane actions, we choose B(2) = 0.
By using (4.23)-(4.25) and (4.29), one sees that the closed (p+ 1)-form hp+2 satisfies
∂thˆp+2 = dbp+1 , (4.30)
where
bp+1 = [C ∧ eFˆ ]p+1 , C =
⊕
ℓ=even
C(ℓ) ,
C(2n) = 2
√
s
(2n− 1)!Lˆ
A1 · · · LˆA2n−1 ˆ¯LΓA1···A2n−1(σ)niσ2θ . (4.31)
It follows that ∫
B
hp+2 =
∫
Σ
LWZ =
∫
Σ
[∫ 1
0
dt bp+1 + C
(p+1)
]
(4.32)
where ∂B = Σ, and C(p+1) is a bosonic (p+ 1)-form satisfying
hp+2|bosonic = dC(p+1) . (4.33)
Letting p = 1 and σ = −σ1, we reproduce the WZ term of an F-string.
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5 Non-relativistic Branes in AdS5×S5
In [15], the non-relativistic F-string in AdS5×S5 is examined. There the leading contribu-
tions of the NG and the WZ parts in the non-relativistic limit cancel each other, and the
next-to-leading terms contribute to the non-relativistic F-string action. Thus, in order to
extract non-relativistic brane actions, we need to know the next-to-leading order terms in
the limit Ω→ 0. Let us consider the scaling
XA → ΩXA , θ− → Ωθ− , (5.1)
T = Ω−2TNR , F = ΩF1 . (5.2)
(5.1) is consistent with the scaling (2.8) and (2.17). It is straightforward to see that by
substituting (5.1) into the concrete expression of the supercurrents given in Appendix
A.1, LA and L are expanded as
LA¯ =
∑
n=0
Ω2nLA¯2n , L
A =
∑
n=0
Ω2n+1L
A
2n+1 ,
L+ =
∑
n=0
Ω2nL+2n , L− =
∑
n=0
Ω2n+1L−2n+1 . (5.3)
Expand LAB as
LA¯B¯ =
∑
n=0
Ω2nLA¯B¯2n , L
AB =
∑
n=0
Ω2nLAB2n , L
A¯B =
∑
n=0
Ω2n+1LA¯B2n+1 , (5.4)
and substitute (5.3) and (5.4) into the MC equation (2.6) for the super-AdS5×S5 algebra,
then the LI Cartan one-forms {LA¯0 ,LA1 , L+0, L−1,LA¯B¯0 ,LAB0 ,LA¯B1 } form the MC equations
(2.20)-(2.28) for the NH superalgebra. 4
We consider the non-relativistic limit of the AdS branes obtained in the previous
section. In the following subsections, we will show that when we introduce
M =
√−sΓA¯0···A¯p ⊗ ρ (5.5)
with ρ = σ1(iσ2) for Dp-branes with p = 1(3) mod 4, respectively, and with ρ = σ3 for F1
and NS5, AdS p-brane actions admit expansion
S = TNR
∫
Σ
[
Ω−2(Ldiv
{ NG
DBI
+ LdivWZ) + Lfin{ NG
DBI
+ LfinWZ +O(Ω2)
]
. (5.6)
4As will be seen below, the non-relativistic actions are composed of {LA¯0 ,LA¯2 ,LA1 , L+0, L+2, L−1}. So
these actions are not invariant under the NH superalgebra, but under an expanded superalgebra [24, 43]
(see also [44, 45]) which is a generalization of the IW contraction [4], generated by generators dual to
{LA¯m,LAm, L±m,LA¯B¯m ,LABm ,LA¯Bm | 0 ≤ m ≤ 2}.
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For the consistent non-relativistic limit Ω→ 0, the divergent term ∫ (Ldiv
{ NG
DBI
+LdivWZ) should
cancel out. First, we show that
dLdiv
{ NG
DBI
+ hdivp+2 = 0 . (5.7)
This implies that the divergent terms with θ cancel out, since hdivp+2 is composed of only
terms with θ. Next, we consider the bosonic terms of Ldiv
{ NG
DBI
+ LdivWZ
1
(p+ 1)!
ǫA¯0···A¯pe
A¯0
0 · · · eA¯p0 + C(p+1)0 (5.8)
where C
(p+1)
0 is the leading contribution of C
(p+1) in (4.32). This is deleted by choosing
C
(p+1)
0 = − 1(p+1)!ǫA¯0···A¯peA¯00 · · · eA¯p0 . It is easy to see that dC(p+1)0 = 0 by using the expres-
sions given in Appendix A.1. Thus the bosonic divergent terms also cancel out. As a
result, we derive the non-relativistic brane action
SNR = TNR
∫
Σ
LNR , LNR = Lfin{ NG
DBI
+ LfinWZ (5.9)
which is drastically simplified by gauge fixing the κ-symmetry by θ+ = 0. We examine
each AdS branes in turn below.
5.1 F-string
First, we consider an F-string. The 3-form h3 is given in (4.16) with ̺ = σ3. The gluing
matrix M is
M =
√−sΓA¯0A¯1 ⊗ ρ , ρ = σ1, σ3, 1. (5.10)
Since
M ′ΓA¯̺ = ΓA¯M̺ = ±ΓA¯̺M , ρ =
{
σ3, 1
σ1
, (5.11)
h3 is expanded as
Th3 = TNRΩ
−2hdiv3 + TNRh
fin
3 +O(Ω
2) , (5.12)
hdiv3 =
√
sLA¯0 L¯+0ΓA¯̺L+0 , (5.13)
hfin3 =
√
s
[
LA¯0 L¯−1ΓA¯̺L−1 + L
A¯
2 L¯+0ΓA¯̺L+0
+2LA¯0 L¯+0ΓA¯̺L+2 + 2L
A
1 L¯+0ΓA̺L−1
]
, (5.14)
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for ρ = σ3, 1, while h3 is of order Ω for ρ = σ1. On the other hand, the NG part is
expanded as
TLNG = TNRΩ−2LdivNG + TNRLfinNG +O(Ω2) , (5.15)
LdivNG =
√
s det g0d
2ξ = det((LA¯0 )i)d
2ξ =
1
2
ǫA¯B¯(L
A¯
0 )(L
B¯
0 ) , (5.16)
LfinNG =
1
2
√
s det g0 g
ij
0 (g2)ij d
2ξ , (5.17)
with ǫA¯0A¯1 = 1 and
(g0)ij = (L
A¯
0 )i(L
B¯
0 )jηA¯B¯ , (5.18)
(g2)ij = 2(L
A¯
0 )(i(L
B¯
2 )j)ηA¯B¯ + (L
A
1 )i(L
B
1 )jηAB . (5.19)
The leading contribution satisfies [15]
dLdivNG = ǫA¯B¯iL¯+0ΓA¯L+0LB¯0 = −
√
sLA¯0 L¯+0ΓA¯ρL+0 (5.20)
where we have used (2.20) and L+ = ML+. This cancels out h
div
3 in (5.13) only when
̺ = ρ
dLdivNG + hdiv3 = 0 . (5.21)
This implies that θ-dependent terms in LdivNG + LdivWZ cancel each other. The bosonic term
of LdivNG in (5.16), 12ǫA¯B¯eA¯0 eB¯0 , is deleted by choosing C(2)0 in (4.32) as
C
(2)
0 = −
1
2
ǫA¯B¯e
A¯
0 e
B¯
0 (5.22)
which satisfies dC
(2)
0 = 0. Thus, the gluing matrix (5.10) with ρ = σ3 leads to the
consistent non-relativistic limit of the F-string. The non-relativistic F-string action is
(5.9) with (5.17) and
LfinWZ =
∫ 1
0
dt 2
√
s
[
LˆA¯0 (
ˆ¯L−1ΓA¯̺θ− +
ˆ¯L+2ΓA¯̺θ+)
+Lˆ
A
1 (
ˆ¯L−1ΓA̺θ+ +
ˆ¯L+0ΓA̺θ−) + Lˆ
A¯
2
ˆ¯L+0ΓA¯̺θ+
]
. (5.23)
We fix the κ-gauge symmetry of the action by θ+ = 0 (see Appendix B). Then we
have
LA¯0 = e
A¯
0 , L
A¯
2 = e
A¯
2 + iθ¯−Γ
A¯Dθ− , L
A
1 = e
A
1 ,
L−1 = Dθ− , Dθ− ≡ dθ− + λ
2
eA¯0 Γ̂A¯iσ2θ− +
1
4
ωA¯B¯0 ΓA¯B¯θ− ,
(g0)ij = (e
A¯
0 )i(e
B¯
0 )jηA¯B¯ . (5.24)
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In the static gauge, xA¯ = ξi, (eA¯0 )i is the vielbein on the AdS brane worldvolume. Thanks
to the κ-gauge fixing, we can perform the t-integration in (5.23) easily. LfinNG is reduced to
LfinNG = d2ξ
√
s det g0
[
gij0 (e
A¯
0 )i(e
B¯
2 )jηA¯B¯ +
1
2
gij0 (e
A
1 )i(e
B
1 )jηA¯B¯ + ig
ij
0 θ¯−γiDjθ−
]
(5.25)
where γi = (e
A¯
0 )iΓA¯. By parameterizing the group manifold as in Appendix A.1, it is
rewritten as
LfinNG = d2ξ
√
s det g0
[1
2
gij0 ∂iy
A∂jy
BηAB +
λ2
2
(my2 − ny′2) + iθ¯−γiDiθ−
]
(5.26)
for an (m,n)-brane with (m,n)=(2, 0), (0, 2). On the other hand, LfinWZ is reduced to
LfinWZ =
√
seA¯0Dθ¯−ΓA¯̺θ− = d
2ξ
√
s det g0
[
− iDiθ¯−γiθ−
]
(5.27)
where we have used θ− = −Mθ− in the second equality. Combining these results, we
obtain the non-relativistic action
SF1NR = TNR
∫
d2ξ
√
s det g0
[1
2
gij0 ∂iy
A∂jyA +
λ2
2
(my2 − ny′2) + 2iθ¯−γiDiθ−
]
. (5.28)
This is a free field action of scalars and fermions propagating on (2,0)- or (0,2)-brane
worldvolume. For the case of a Lorentzian (2,0)-brane, this reproduces the non-relativistic
AdS2 brane action obtained in [15].
5.2 D-string
Secondly, we consider a D-string, for which ̺ = σ1 and σ = σ3. The gluing matrix M is
given in (5.10). Since
M ′ΓA¯̺ = ΓA¯M̺ = ±ΓA¯̺M , ρ =
{
σ1, 1
σ3
, (5.29)
h3 is expanded as (5.12) with ̺ = σ1 for ρ = σ1, 1, while h3 is of order Ω for ρ = σ3. We
note that for ρ = σ1, F is of order Ω
F = ΩF1 +O(Ω3) , (5.30)
F1 = F1 − 2i
∫ 1
0
dt
[
LˆA¯0 (
ˆ¯L+0ΓA¯σθ− +
ˆ¯L−1ΓA¯σθ+) + Lˆ
A
1
ˆ¯L+0ΓAσθ+
]
(5.31)
since
M ′ΓA¯σ = −ΓA¯σM . (5.32)
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So, the DBI part is expanded as
TLDBI = TNRΩ−2LdivDBI + TNRLfinDBI +O(Ω4) , (5.33)
LdivDBI =
√
s det g0 d
2ξ , (5.34)
LfinDBI =
1
2
√
s det g0
(
gij0 (g2)ij −
1
2
gik0 (F1)kjgjl0 (F1)li
)
d2ξ (5.35)
where g0, g2 and F1 are given in (5.18), (5.19) and (5.31), respectively. For ρ = 1, σ3,
F is of order Ω0. As was done for the F-string case, the hdiv3 in (5.13) with ̺ = σ1 and
the leading contribution of the fermionic part of the DBI action cancel each other. By
choosing C
(2)
0 = −12ǫA¯B¯eA¯0 eB¯0 , the bosonic terms of the divergent part cancel out. Thus,
the gluing matrix with ρ = σ1 leads to the consistent non-relativistic limit of the D-string.
The non-relativistic D-string action is given by (5.9) with (5.35) and
LfinWZ =
∫ 1
0
dt 2
√
s
[
LˆA¯0 (
ˆ¯L−1ΓA¯̺θ− +
ˆ¯L+2ΓA¯̺θ+)
+LˆA1 (
ˆ¯L−1ΓA̺θ+ +
ˆ¯L+0ΓA̺θ−) + Lˆ
A¯
2
ˆ¯L+0ΓA¯̺θ+
]
. (5.36)
Let us gauge fix the κ-gauge symmetry by choosing θ+ = 0. This makes it easy to
perform the t-integration in LfinWZ. The t-integration in F1 in (5.31) disappears and we
have F1 = F1. In the similar way in the F-string case, we obtain the non-relativistic
D-string action
SD1NR = TNR
∫
d2ξ
√
s det g0
[1
2
gij0 ∂iy
A∂jyA +
λ2
2
(my2 − ny′2)
+2iθ¯−γ
iDiθ− +
1
4
(F1)ij(F1)
ij
]
. (5.37)
This is a free field action of scalars, fermions and a gauge field propagating on (2,0)- or
(0,2)-brane worldvolume.
5.3 D3-brane
Thirdly, we consider a D3-brane for which ̺ = σ1 and σ = σ3. The gluing matrix is
M =
√−sΓA¯0···A¯3 ⊗ iσ2 . (5.38)
Since
M ′ΓB¯1···B¯3iσ2 = ΓB¯1···B¯3iσ2M , M
′ΓA¯̺ = −ΓA¯̺M , M ′ΓA¯σ = −ΓA¯σM , (5.39)
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F and h3 are of order Ω as in (5.30) and the WZ part is expanded as
Th5 = TNRΩ
−2hdiv5 + TNRh
fin
5 +O(Ω
4) , (5.40)
hdiv5 =
√
s
3!
LA¯10 L
A¯2
0 L
A¯3
0 L¯+0ΓA¯1···A¯3iσ2L+0 , (5.41)
hfin5 = h
(5)
2 + h
(3)
1 F1 (5.42)
with
h
(5)
2 =
√
s
3!
[
LA¯10 L
A¯2
0 L
A¯3
0 L¯−1ΓA¯1···A¯3σ1L−1 + 3L
A¯1
0 L
A¯2
0 L
A¯3
2 L¯+0ΓA¯1···A¯3σ1L+0
+2LA¯10 L
A¯2
0 L
A¯3
0 L¯+0ΓA¯1···A¯3σ1L+2 + 6L
A¯1
0 L
A¯2
0 L
A3
1 L¯+0ΓA¯1···A¯2A3σ1L−1
+6LA¯10 L
A2
1 L
A3
1 L¯+0ΓA¯1A2A3σ1L+0
+4iλ(δ(3,1)ǫa¯1a¯2a¯3a4a5L
a¯1
0 L
a¯2
0 L
a¯3
0 L
a4
1 L
a5
1 − δ(1,3)ǫa¯′1a¯′2a¯′3a′4a′5L
a¯′1
0 L
a¯′2
0 L
a¯′3
0 L
a′4
1 L
a′5
1 )
]
,(5.43)
h
(3)
1 =
√
s
[
2LA¯0 L¯+0ΓA¯̺L−1 + L
A
1 L¯+0ΓA̺L+0
]
, (5.44)
where δ(m,n) = 1 for a (m,n)-brane and δ(m,n) = 0 for others. This implies that the
bosonic 4-form C(4) is expanded as
TdC(4) = TNRΩ
−2dC
(4)
0 + TNRdC
(4)
2 +O(Ω
4) , (5.45)
dC
(4)
0 = 0 , (5.46)
dC
(4)
2 =
√
s
3!
4iλ
(
δ(3,1)ǫa¯1a¯2a¯3a4a5e
a¯1
0 e
a¯2
0 e
a¯3
0 e
a4
1 e
a5
1 − δ(1,3)ǫa¯′1a¯′2a¯′3a′4a′5e
a¯′
1
0 e
a¯′
2
0 e
a¯′
3
0 e
a′
4
1 e
a′
5
1
)
.(5.47)
On the other hand, as F is of order Ω, the DBI part is expanded as in (5.33). As was
done in the p = 1 case, we find
d(
√
s det g0 d
4ξ) = d(det((LA¯0 )i)d
4ξ) = −
√
s
3!
LA¯10 · · ·LA¯30 L¯+0ΓA¯1···A¯3iσ2L+0 . (5.48)
Thus the fermionic part contained in LdivWZ and LdivDBI cancel each other. In addition, the
bosonic terms deleted by choosing
C
(4)
0 = −
1
4!
ǫA¯0···A¯3e
A¯0
0 · · · eA¯30 (5.49)
which satisfies dC
(4)
0 = 0. Thus the matrix M leads to the consistent non-relativistic limit
of the AdS D3-brane.
The non-relativistic D3-brane action is given as (5.9) with (5.35) and
LD3WZ =
∫ 1
0
dt
[
C(4)2 + C(2)1 Fˆ1
]
+ C
(4)
2 (5.50)
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with
C(4)2 = 2c
[ 1
3!
LˆA¯10 Lˆ
A¯2
0 Lˆ
A¯3
0 (
ˆ¯L−1ΓA¯1A¯2A¯3iσ2θ− +
ˆ¯L+2ΓA¯1A¯2A¯3iσ2θ+)
+
1
2
LˆA¯10 Lˆ
A¯2
0 Lˆ
A3
1 (
ˆ¯L−1ΓA¯1A¯2A3iσ2θ+ +
ˆ¯L+0ΓA¯1A¯2A3iσ2θ−)
+LˆA¯10 Lˆ
A¯2
0 Lˆ
A¯3
2
ˆ¯L+0ΓA¯1A¯2A¯3iσ2θ+ + Lˆ
A¯1
0 Lˆ
A2
1 Lˆ
A3
1
ˆ¯L+0ΓA¯1A2A3iσ2θ+
]
,
C(2)1 = 2c
(
LˆA¯0 (
ˆ¯L+0ΓA¯̺θ− +
ˆ¯L−1ΓA¯̺θ+) + Lˆ
A
1
ˆ¯L+0ΓA̺θ+
)
. (5.51)
The bosonic contribution C
(4)
2 is∫
Σ
C
(4)
2 = 4i
√
sλ
∫
Σ
[
δ(3,1)volΣ3ǫabdy
ayb − δ(1,3)volΣ′
3
ǫa′b′dy
a′yb
′
]
,
= 4i
√
sλ
∫
d4ξ
√
s det g0
[
δ(3,1)ǫab∂ξ′y
ayb − δ(1,3)ǫa′b′∂ξya′yb′
]
(5.52)
where Σm × Σ′n is the (m,n)-brane worldvolume, and volΣℓ = 1ℓ!ǫa¯1···a¯ℓea¯10 · · · ea¯ℓ0 . ξ(ξ′)
represents the worldvolume direction in AdS5(S
5 respectively). By fixing the κ-symmetry
as θ+ = 0, the non-relativistic action is simplified as
SD3NR = TNR
∫
d4ξ
√
s det g0
[1
2
gij0 ∂iy
A∂jy
BηAB +
λ2
2
(my2 − ny′2)
+2iθ¯−γ
iDjθ− +
1
4
(F1)ij(F1)
ij
]
+ TNR
∫
Σ
C
(4)
2 . (5.53)
5.4 D5-brane
Fourthly, we consider a D5-brane for which ̺ = σ1 and σ = σ3. The gluing matrix is
M =
√−sΓA¯0···A¯5 ⊗ ρ , ρ = σ1, σ3, 1 . (5.54)
Since
M ′ΓB¯1···B¯5̺ = ±ΓB¯1···B¯5̺M , M ′ΓA¯̺ = ±ΓA¯̺M , ρ =
{
σ1, 1
σ3
(5.55)
M ′ΓB¯1···B¯3iσ2 = ±ΓB¯1···B¯5iσ2M , ρ =
{
1
σ1, σ3
(5.56)
M ′ΓA¯σ = ±ΓA¯σM , ρ =
{
σ3, 1
σ1
, (5.57)
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F is of order Ω only for ρ = σ1. In this case the WZ part is expanded as
Th7 = TNRΩ
−2hdiv7 + TNRh
fin
7 +O(Ω
4) , (5.58)
hdiv7 =
√
s
5!
LA¯10 · · ·LA¯50 L¯+0ΓA¯1···A¯5̺L+0 , (5.59)
hfin7 = h
(7)
2 + h
(5)
1 F1 +
1
2
h
(3)
0 F21 (5.60)
and the DBI part is expanded as (5.33). We find that h
(7)
2 , h
(5)
1 and h
(3)
0 are given as
h
(7)
2 =
√
s
5!
[
LA¯10 · · ·LA¯50 L¯−1ΓA¯1···A¯5̺L−1 + 5LA¯10 · · ·LA¯40 LA¯52 L¯+0ΓA¯1···A¯5̺L+0
+2LA¯10 · · ·LA¯50 L¯+0ΓA¯1···A¯5̺L+2 + 10LA¯10 · · ·LA¯40 LA51 L¯+0ΓA¯1···A¯4A5̺L−1
+20LA¯10 · · ·LA¯30 LA41 LA51 L¯+0ΓA¯1···A¯3A4A5̺L+0
]
, (5.61)
h
(5)
1 =
√
s
3!
[
2LA¯10 L
A¯2
0 L
A¯3
0 L¯+0ΓA¯1A¯2A¯3iσ2L−1 + 3L
A¯1
0 L
A¯2
0 L
A3
1 L¯+0ΓA¯1A¯2A3iσ2L+0
+δ(4,2)iλǫa¯1···a¯4a5L
a¯1
0 · · ·La¯40 La51 − δ(2,4)iλǫa¯′1···a¯′4a′5L
a¯′1
0 · · ·La¯
′
4
0 L
a′5
1
]
, (5.62)
h
(3)
0 =
√
sLA¯0 L¯+0ΓA¯̺L+0 . (5.63)
This implies that the bosonic 6-form C(6) is expanded as
TdC(6) = TNRΩ
−2dC
(6)
0 + TNRdC
(6)
2 +O(Ω
4) , (5.64)
dC
(6)
0 = 0 , (5.65)
dC
(6)
2 =
i
√
s
3!
λ
[
δ(4,2)ǫa¯1···a¯4a5e
a¯1
0 · · · ea¯40 ea51 − δ(2,4)ǫa¯′1···a¯′4a′5e
a¯′
1
0 · · · ea¯
′
4
0 e
a′
5
1
]
F1 . (5.66)
Because
d(
√
s det g0 d
6ξ) = −i
√
s
5!
LA¯10 · · ·LA¯50 L¯+0ΓA¯1···A¯5̺L+0 , (5.67)
hdiv7 in (5.59) and the fermionic term in the DBI part LdivDBI cancel each other. As before,
one sees that the bosonic terms are also deleted by choosing C
(6)
0 = − 16!ǫA¯0···A¯5eA¯00 · · · eA¯50 .
Summarizing we have shown that the matrix M with ̺ = σ1 leads to the consistent
non-relativistic limit of the AdS D5-brane5.
The non-relativistic D5-brane action is given as (5.9) with (5.35) and
LD5WZ =
∫ 1
0
dt
[
C(6)2 + C(4)1 Fˆ1 +
1
2
C(2)0 Fˆ21
]
+ C
(6)
2 (5.68)
5It is now obvious that for NS5-brane with ̺ = σ3 and σ = −σ1 the gluing matrix (5.54) with ρ = σ3
leads to the consistent non-relativistic NS5-brane.
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with
C(6)2 = 2c
[ 1
5!
LˆA¯10 · · · LˆA¯50 ( ˆ¯L−1ΓA¯1···A¯5̺θ− + ˆ¯L+2ΓA¯1···A¯5̺θ+)
+
1
4!
LˆA¯10 · · · LˆA¯40 LˆA51 ( ˆ¯L−1ΓA¯1···A¯4A5̺θ+ + ˆ¯L+0ΓA¯1···A¯4A5̺θ−)
+
1
4!
LˆA¯10 · · · LˆA¯40 LˆA¯52 ˆ¯L+0ΓA¯1···A¯5̺θ+
+
1
3!
LˆA¯10 Lˆ
A¯2
0 Lˆ
A¯3
0 Lˆ
A4
1 Lˆ
A5
1
ˆ¯L+0ΓA¯1A¯2A¯3A4A5̺θ+
]
,
C(4)1 = 2c
[ 1
3!
LˆA¯10 Lˆ
A¯2
0 Lˆ
A¯3
0 (
ˆ¯L+0ΓA¯1A¯2A¯3iσ2θ− +
ˆ¯L−1ΓA¯1A¯2A¯3iσ2θ+)
+
1
2
LˆA¯10 Lˆ
A¯2
0 Lˆ
A3
1
ˆ¯L+0ΓA¯1A¯2A3iσ2θ+
]
,
C(2)0 = 2c
[
LˆA¯0
ˆ¯L+0ΓA¯̺θ+
]
. (5.69)
The bosonic contribution is∫
Σ
C
(6)
2 = 4i
√
sλ
∫
Σ
[
δ(4,2)volΣ4yF1 − δ(2,4)volΣ′4y′F1
]
= −4i√sλ
∫
d6ξ
√
s det g0
[
δ(4,2)∂i′y(
∗A1)
i′ − δ(2,4)∂iy(∗A1)i
]
(5.70)
where y(y′) is the transverse direction in AdS5(S
5), and i(i′) represents the worldvolume
directions in AdS5(S
5). ∗ means the Hodge dual in Σ2 or Σ′2. The κ-gauge symmetry is
fixed by θ+ = 0, and the non-relativistic action is simplified as
SD5NR = TNR
∫
d6ξ
√
s det g0
[1
2
gij0 ∂iy
A∂jyA +
λ2
2
(my2 − ny′2)
+2iθ¯−γ
iDiθ− +
1
4
(F1)ij(F1)
ij
]
+ TNR
∫
Σ
C
(6)
2 . (5.71)
5.5 D7-brane
Finally, let us consider a D7-brane for which ̺ = σ1 and σ = σ3. By using the gluing
matrix
M =
√−sΓA¯0···A¯6 ⊗ iσ2 (5.72)
one derives
M ′ΓB¯1···B¯7iσ2 = ΓB¯1···B¯7iσ2M , M
′ΓB¯1···B¯5̺ = −ΓB¯1···B¯5̺M ,
M ′ΓB¯1···B¯3iσ2 = ΓB¯1···B¯3iσ2M , M
′ΓA¯̺ = −ΓA¯̺M ,
M ′ΓA¯σ = −ΓA¯σM . (5.73)
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These imply that F is of order Ω and the WZ part is expanded as
Th9 = TNRΩ
−2hdiv9 + TNRh
fin
9 +O(Ω
4) , (5.74)
hdiv9 =
√
s
7!
LA¯10 · · ·LA¯70 L¯+0ΓA¯1···A¯7iσ2L+0 , (5.75)
hfin9 = h
(9)
2 + h
(7)
1 F1 +
1
2
h
(5)
0 F21 , (5.76)
and the DBI is as in (5.33). It is straightforward to see that h
(9)
2 , h
(7)
1 and h
(5)
0 are given
as
h
(9)
2 =
√
s
7!
[
LA¯10 · · ·LA¯70 L¯−1ΓA¯1···A¯7iσ2L−1 + 7LA¯10 · · ·LA¯60 LA¯72 L¯+0ΓA¯1···A¯7iσ2L+0
+2LA¯10 · · ·LA¯70 L¯+0ΓA¯1···A¯7iσ2L+2 + 14LA¯10 · · ·LA¯60 LA71 L¯+0ΓA¯1···A¯6A7iσ2L−1
+42LA¯10 · · ·LA¯50 LA61 LA71 L¯+0ΓA¯1···A¯5A6A7iσ2L+0
]
, (5.77)
h
(7)
1 =
√
s
5!
[
2LA¯10 · · ·LA¯50 L¯+0ΓA¯1···A¯5̺L−1 + 5LA¯10 · · ·LA¯40 LA51 L¯+0ΓA¯1···A¯4A5̺L+0
]
, (5.78)
h
(5)
0 =
√
s
3!
[
LA¯10 · · ·LA¯30 L¯+0ΓA¯1···A¯3iσ2L+0
+
iλ
5
(δ(5,3)ǫa¯1a¯2a¯3a¯4a¯5L
a¯1
0 L
a¯2
0 L
a¯3
0 L
a¯4
0 L
a¯5
0 − δ(3,5)ǫa¯′1a¯′2a¯′3a¯′4a¯′5L
a¯′1
0 L
a¯′2
0 L
a¯′3
0 L
a¯′4
0 L
a¯′5
0 )
]
.(5.79)
This implies that the bosonic 8-form C(8) is expanded as
TdC(8) = TNRΩ
−2dC
(8)
0 + TNRdC
(8)
2 +O(Ω
4) , (5.80)
dC
(8)
0 = 0 , (5.81)
dC
(8)
2 =
2i
√
s
5!
λ
[
δ(5,3)ǫa¯1···a¯5e
a¯1
0 · · · ea¯50 − δ(3,5)ǫa¯′1···a¯′5e
a¯′
1
0 · · · ea¯
′
5
0
]
(F1)
2 . (5.82)
As before, we find
d(
√
s det g0 d
8ξ) = d(det((LA¯0 )i)d
8ξ) = −i
√
s
7!
LA¯10 · · ·LA¯70 L¯+0ΓA¯1···A¯7iσ2L+0 . (5.83)
This implies that hdiv9 and the fermionic terms in LdivDBI cancel each other. The bosonic
terms are also deleted by choosing C
(8)
0 = − 18!ǫA¯0···A¯7eA¯00 · · · eA¯70 . Thus we find that the
matrix M leads to the consistent non-relativistic limit of the AdS D7-brane.
The non-relativistic D7-brane action is given as (5.9) with (5.35) and
LD7WZ =
∫ 1
0
dt
[
C(8)2 + C(6)1 Fˆ1 +
1
2
C(4)0 Fˆ21
]
+ C
(8)
2 (5.84)
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with
C(8)2 = 2c
[ 1
7!
LˆA¯10 · · · LˆA¯70 ( ˆ¯L−1ΓA¯1···A¯7iσ2θ− + ˆ¯L+2ΓA¯1···A¯7iσ2θ+)
+
1
6!
LˆA¯10 · · · LˆA¯60 LˆA71 ( ˆ¯L−1ΓA¯1···A¯6A7iσ2θ+ + ˆ¯L+0ΓA¯1···A¯6A7iσ2θ−)
+
1
6!
LˆA¯10 · · · LˆA¯60 LˆA¯72 ˆ¯L+0ΓA¯1···A¯7iσ2θ+
+
1
5!
LˆA¯10 · · · LˆA¯50 LˆA61 LˆA71 ˆ¯L+0ΓA¯1···A¯5A6A7iσ2θ+
]
,
C(6)1 = 2c
[ 1
5!
LˆA¯10 · · · LˆA¯50 ( ˆ¯L+0ΓA¯1···A¯5̺θ− + ˆ¯L−1ΓA¯1···A¯5̺θ+)
+
1
4!
LˆA¯10 · · · LˆA¯40 LˆA51 ˆ¯L+0ΓA¯1···A¯4A5̺θ+
]
,
C(4)0 = 2c
[ 1
3!
LˆA¯10 · · · LˆA¯30 ˆ¯L+0ΓA¯1···A¯3iσ2θ+
]
. (5.85)
The bosonic contribution is∫
Σ
C
(8)
2 = −2i
√
sλ
∫
Σ
[
δ(5,3)volΣ5A1F1 − δ(3,5)volΣ′5A1F1
]
= −2i√sλ
∫
d8ξ
√
s det g0
[
δ(5,3)(A1)i′(
∗F1)
i′ − δ(3,5)(A1)i(∗F1)i
]
(5.86)
where i(i′) represents worldvolume directions in AdS5(S
5), and ∗ means the Hodge dual
in Σ3 or Σ
′
3. The κ-gauge symmetry is fixed by θ+ = 0, and then the non-relativistic
action is simplified as
SD7NR = TNR
∫
d8ξ
√
s det g0
[1
2
gij0 ∂iy
A∂jyA +
λ2
2
(my2 − ny′2)
+2iθ¯−γ
iDiθ− +
1
4
(F1)ij(F1)
ij
]
+ TNR
∫
Σ
C
(8)
2 . (5.87)
In summary, we have derived non-relativistic AdS Dp-brane actions in AdS5×S5. In
the flat limit λ→ 0, these actions for Lorentzian branes are reduced to the non-relativistic
Dp-brane actions in flat spacetime derived in [12].
6 NH Superalgebra of Branes in AdS4/7×S7/4
The super-isometry algebra of the AdSq+2×S9−q (q = 2, 5) solution of the eleven-dimensional
supergravity is generated by translation PA, Lorentz rotation JAB = (Jab, Ja′b′) and 32-
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component Majorana supercharge Q as
[Pa, Pb] = 4ǫ
2λ2Jab , [Pa′ , Pb′] = −ǫ2λ2Ja′b′ ,
[Jab, Pc] = ηbcPa − ηacPb , [Ja′b, Pc′] = ηb′c′Pa′ − ηa′c′Pb′ ,
[Jab, Jcd] = ηbcJad + 3-terms , [Ja′b′ , Jc′d′] = ηb′c′Ja′d′ + 3-terms ,
[PA, Q] = −λ
2
QΓ̂A , [JAB, Q] =
1
2
QΓAB ,
{Q,Q} = −2CΓAPA + λCΓ̂ABJAB (6.1)
where Γ̂A = (2IΓa, IΓa′) and Γ̂AB = (2IΓab,−IΓa′b′), and ǫ2 = 1 for q = 2 and ǫ2 = −1
for q = 5. For q = 2, this superalgebra is the super-AdS4×S7 algebra, osp(8|4), with the
vector index of AdS4, a = 0, 1, 2, 3 and that of S
7, a′ = 4, 5, ..., 9, ♮. On the other hand, for
q = 5, this superalgebra is the super-AdS7×S4 algebra, osp(8∗|4) with the vector index
of S4, a = ♮, 1, 2, 3 and that of AdS7, a
′ = 4, 5, ..., 9, 0. We use the almost positive metric
ηµν . We define λ and I as
λ =
1
R
, R2 = 2kR2S =
1
k
R2AdS , k =
{
1/2, q = 2
2, q = 5
I = Γ♯123, Γ♯ =
{
Γ0 q = 2
−Γ♮ q = 5
(6.2)
where RS and RAdS are the radii of S
9−q and that of AdSq+2, respectively. The gamma
matrix ΓA ∈ Spin(1,10) and the charge conjugation matrix C satisfy (2.2).
Letting g be a group element of the supergroup of the superalgebra (6.1), the LI
Cartan one-form is defined as
Ω = g−1dg = LAPA +
1
2
LABJAB +QαL
α . (6.3)
The commutation relations [TAˆ, TBˆ} = fAˆBˆCˆTCˆ , TAˆ = {PA, JAB, QI}, are equivalent to
the Maurer-Cartan (MC) equation
dΩ = −Ω ∧ Ω . (6.4)
The MC equations corresponding to the superalgebra (6.1) are derived as
dLA = −ηBCLABLC − L¯ΓAL ,
dLab = −4ǫ2λ2LaLb − ηcdLcaLbd + 2λL¯IΓabL ,
dLa
′b′ = +ǫ2λ2La
′
Lb
′ − ηc′d′Lc′a′Lb′d′ − λL¯IΓa′b′L ,
dLα =
λ
2
LAΓ̂AL− 1
4
LABΓABL . (6.5)
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1-brane 2-brane 5-brane 6-brane 9-brane 10-brane
(1,1) (0,3), (2,1) (1,5), (3,3) (0,7), (2,5), (4,3) (3,7) (4,7)
Table 4: Branes in AdS4/7×S7/4
We introduce a matrix M
M = ℓΓA¯0···A¯p , ℓ2(−1)[ p+12 ]s = 1 (6.6)
where {A¯0, · · · , A¯p} are directions along which the brane worldvolume extends, so A =
(A¯, A). Let an AdS brane extend along m directions in AdS4 or S
4 and n directions in
S7 or AdS7, then the AdS brane worldvolume admits AdSm(H
m)×Sn or Sm×AdSn(Hn)
isometry algebra for a Lorentzian (a Euclidean) brane, respectively. After contraction, the
isometry of the transverse space is reduced to the Poincare´ algebra iso(4−m)×iso(7−n)
(iso(3 − m, 1)×iso(7 − n)) or iso(4 − m)×iso(7 − n) (iso(4 − m)×iso(6 − n, 1)) for a
Lorentzian (a Euclidean) brane. We require that the contracted superalgebra contains a
super subalgebra, the supersymmetrization of the direct product of the isometry algebra
on the AdS brane worldvolume and the Lorentz symmetry in the transverse space, so(m−
1, 2)×so(n+1)×so(4−m)×so(7−n) ( so(m, 1)×so(n+1)×so(3−m, 1)×so(7−n) ) for a
Lorentzian (a Euclidean) brane in AdS4×S7, and so(m+1)×so(n−1, 2)×so(4−m)×so(7−
n) ( so(m + 1)×so(n, 1)×so(4 −m)×so(6 − n, 1) ) for a Lorentzian (a Euclidean) brane
in S4×AdS7, respectively. This is satisfied if
M ′ΓA¯ = ΓA¯M , M ′Γ̂A¯B¯ = Γ̂A¯B¯M , (6.7)
where
M ′ = C−1MTC = (−1)p+1+[ p+12 ]M . (6.8)
The first condition is satisfied if p = 1, 2 mod 4. Since
M ′Γ̂A¯B¯ = (−1)p+1+d+[ p+12 ]Γ̂A¯B¯M (6.9)
where d is the number of the Dirichlet directions contained in {♯, 1, 2, 3}, these are satisfied
by (odd,odd)-branes (p = 1 mod 4) and (even,even)-branes (p = 3 mod 4). We depict
branes in Table 4. The 10-brane is just AdS4/7×S7/4 itself as M = 1. The p-branes with
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p = 1 mod 4 are 1/2 BPS Dirichlet branes of an open supermembrane in AdS4/7×S7/4
[26, 27]. The brane probe analysis for M-branes [42] is also consistent with this result.
We derive the NH superalgebra for these branes as IW contractions of the super-
AdS4/7×S7/4 algebra. First, we rescale generators as
PA → 1
Ω
PA , JA¯B →
1
Ω
JA¯B , Q− →
1
Ω
Q− (6.10)
where we have decomposed Q as
Q = Q+ +Q− , Q±P± = Q± , P± = 1
2
(1 +M) . (6.11)
Substituting these into (6.1) and then taking the limit Ω→ 0, we derive the NH superal-
gebra for an AdS brane
[Pa¯, Pb¯] = 4ǫ
2λ2Ja¯b¯ , [Pa¯′ , Pb¯′] = −ǫ2λ2Ja¯′ b¯′ ,
[Pa¯, Pb] = 4ǫ
2λ2Ja¯b , [Pa¯′ , Pb′] = −ǫ2λ2Ja¯′b′ ,
[JA¯B¯, PC¯ ] = ηB¯C¯PA¯ − ηA¯C¯PB¯ , [JA¯B, PC¯ ] = −ηA¯C¯PB ,
[JAB, PC ] = ηBC¯PA − ηACPB ,
[JA¯B¯, JC¯D¯] = ηB¯C¯JA¯D¯ + 3-terms , [JAB, JCD] = ηBCJAD + 3-terms ,
[JA¯B¯, JC¯D] = ηB¯C¯JA¯D − ηA¯C¯JB¯D , [JAB, JC¯D] = ηBDJC¯A − ηADJC¯B ,
[PA¯, Q±] = −
λ
2
Q±Γ̂A¯ , [PA, Q+] = −
λ
2
Q−Γ̂A ,
[JA¯B¯, Q±] =
1
2
Q±ΓA¯B¯ , [JAB, Q±] =
1
2
Q±ΓAB , [JA¯B, Q+] =
1
2
Q−ΓA¯B ,
{Q+, Q+} = −2CΓA¯P+PA¯ + λCΓ̂A¯B¯P+JA¯B¯ + λCΓ̂ABP+JAB ,
{Q+, Q−} = −2CΓAP−PA + 2λCΓ̂A¯BP−JA¯B . (6.12)
We note that this superalgebra contains two bosonic algebras and a superalgebra
as subalgebras. One is the isometry of the (m,n)-brane worldvolume, generated by
{PA¯, JA¯B¯}, the AdSm(Hm)×Sn algebra for a Lorentzian (a Euclidean) brane in AdS4×S7
and the Sm×AdSn(Hn) algebra for a Lorentzian (a Euclidean) brane in S4×AdS7. An-
other is the isometry in the transverse space generated by {PA, JAB}, the Poincare´ algebra
iso(4−m)×iso(7− n) ( iso(3−m, 1)×iso(7− n) ) in AdS4×S7 and iso(4−m)×iso(7−n)
( iso(4−m)×iso(6− n, 1) ) in S4×AdS7 for a Lorentzian (a Euclidean) brane. The other
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is the superalgebra generated by {PA¯, JA¯B¯, JAB, Q+}
[Pa¯, Pb¯] = 4ǫ
2λ2Ja¯b¯ , [Pa¯′ , Pb¯′] = −ǫ2λ2Ja¯′ b¯′ , [JA¯B¯, PC¯ ] = ηB¯C¯PA¯ − ηA¯C¯PB¯ ,
[JA¯B¯, JC¯D¯] = ηB¯C¯JA¯D¯ + 3-terms , [JAB, JCD] = ηBCJAD + 3-terms ,
[PA¯, Q+] = −
λ
2
Q+Γ̂A¯ , [JA¯B¯, Q+] =
1
2
Q+ΓA¯B¯ , [JAB, Q+] =
1
2
Q+ΓAB ,
{Q+, Q+} = −2CΓA¯P+PA¯ + λCΓ̂A¯B¯P+JA¯B¯ + λCΓ̂ABP+JAB , (6.13)
which is the supersymmetrization of the algebra, so(m−1, 2)×so(n+1)×so(4−m)×so(7−
n) ( so(m, 1)×so(n+1)×so(3−m, 1)×so(7−n) ) for a Lorentzian (a Euclidean) brane in
AdS4×S7, and so(m+1)×so(n− 1, 2)×so(4−m)×so(7−n) ( so(m+1)×so(n, 1)×so(4−
m)×so(6 − n, 1) ) for a Lorentzian (a Euclidean) brane in S4×AdS7. For a (4,7)-brane
the superalgebra is obviously osp(8|4) or osp(8∗|4). Since the dimension of the bosonic
subalgebra is 18 for (0,3)- and (3,3)-branes, 20 for (1,1)-, (2,1)-, (1,5)- and (2,5)-branes,
22 for a (4,3)-brane, and 34 for (0,7)- and (3,7)-branes, one may guess the superalgebra
as those including variants of osp(4|2)×osp(4|2), osp(6|2)×so(2|2), sp(4|2)×osp(4|2) and
osp(8|2)×su(2), respectively. The existence of this superalgebra is ensured by (6.7).
The NH superalgebra (6.12) is equivalent to the MC equation
dLA¯ = −ηB¯C¯LA¯B¯LC¯ − L¯+ΓA¯L+ , (6.14)
dLA = −ηB¯C¯LAB¯LC¯ − ηBCLABLC − L¯+ΓAL− − L¯−ΓAL+ , (6.15)
dLa¯b¯ = −4ǫ2λ2La¯Lb¯ − ηc¯d¯Lc¯a¯Lb¯d¯ + 2λL¯+IΓa¯b¯L+ , (6.16)
dLa¯
′ b¯′ = +λ2La¯
′
Lb¯
′ − ηc¯′d¯′Lc¯′a¯′Lb¯′d¯′ − λL¯+IΓa¯′ b¯′L+ , (6.17)
dLAB = −ηCDLCDLBD + λL¯+Γ̂ABL+ , (6.18)
dLa¯b = −4ǫ2λ2La¯Lb − ηc¯d¯Lc¯a¯Lbd¯ − ηcdLca¯Lbd
+2λL¯+IΓa¯bL− + 2λL¯−IΓa¯bL+ , (6.19)
dLa¯
′b′ = +ǫ2λ2La¯
′
Lb
′ − ηc¯′d¯′Lc¯′a¯′Lb
′d¯′ − ηc′d′Lc′a¯′Lb′d′
−λL¯+IΓa¯′b′L− − λL¯−IΓa¯′b′L+ , (6.20)
dL+ =
λ
2
LA¯Γ̂A¯L+ −
1
4
LA¯B¯ΓA¯B¯L+ −
1
4
LABΓABL+ , (6.21)
dL− =
λ
2
LA¯Γ̂A¯L−
λ
2
LAΓ̂AL+
−1
4
LA¯B¯ΓA¯B¯L− −
1
4
LABΓABL− − 1
2
LA¯BΓA¯BL+ . (6.22)
The MC equation above can be obtained by rescaling Cartan one-forms in (6.5) as
LA → ΩLA , LA¯B → ΩLA¯B , L− → ΩL− , (6.23)
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and taking the limit Ω→ 0.
7 NH superalgebra of Branes in M pp-wave
We define
P± =
1√
2
(P♮ ± P0) , P ∗iˆ =
(
P ∗i =
{
Ji0
Ji♮
, P ∗i′ =
{
Ji′♮
Ji′0
)
for
{
AdS4×S7
AdS7×S4
Q(±) = Q(±)ℓ± , ℓ± =
1
2
Γ±Γ∓ , Γ± =
1√
2
(Γ♮ ± Γ0) , (7.1)
I = Γ♯123 , Γ♯ =
{
Γ0
−Γ♮
for
{
AdS4×S7
AdS7×S4
(7.2)
where where i = 1, 2, 3 and i′ = 4, 5, 6, 7, 8, 9.
Scaling generators in the super-AdS4/7×S7/4 algebra as
P+ → 1
Λ2
P+ , Piˆ →
1
Λ
Piˆ , P
∗
iˆ
→ 1
Λ
P ∗
iˆ
, Q(+) → 1
Λ
Q(+) (7.3)
and taking the limit Λ→ 0 limit [6], we obtain the M pp-wave superalgebra
[P−, Pi] =
4λ2√
2
P ∗i , [P−, Pi′] =
λ2√
2
P ∗i′ , [P−, P
∗
iˆ
] = − 1√
2
Piˆ ,
[Piˆ, P
∗
jˆ
] =
1√
2
ηiˆjˆP+ , [Piˆ, Jjˆkˆ] = ηiˆjˆPkˆ − ηiˆkˆPjˆ , [P ∗iˆ , Jjˆkˆ] = ηiˆjˆP ∗kˆ − ηiˆkˆP ∗jˆ ,
[Jiˆjˆ , Jkˆlˆ] = ηjˆkˆJiˆlˆ + 3-terms ,
[P−, Q
(+)] = − 3λ
2
√
2
Q(+)f , [P−, Q
(−)] = − λ
2
√
2
Q(−)f ,
[Pi, Q
(−)] = − λ√
2
Q(+)fΓiΓ+ , [Pi′ , Q
(−)] = − λ
2
√
2
Q(+)fΓi′Γ+ ,
[Jiˆjˆ , Q
(±)] =
1
2
Q(±)Γiˆjˆ , [P
∗
iˆ
, Q(−)] =
1
2
√
2
Q(+)ΓiˆΓ+ ,
{Q(+), Q(+)} = −2CΓ−P+ ,
{Q(−), Q(−)} = −2CΓ+P− − λ√
2
CΓ̂iˆjˆJiˆjˆ
{Q(±), Q(∓)} = −2CΓiˆℓ∓Piˆ − 4λCfΓiℓ∓P ∗i ∓ 2λCfΓi
′
ℓ∓P
∗
i′ , (7.4)
where Γ̂iˆjˆ = (−2Γ+fΓij,Γ+fΓi′j′) and f = Γ123. The bosonic subalgebra is the semi-direct
product of the Heisenberg algebra generated by {Piˆ, P ∗iˆ } with an outer automorphism P−
and the Lorentz symmetry generated by Jiˆjˆ.
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7.1 Lorentzian branes
We consider a Lorentzian pp-wave brane for which (+,−) directions are contained in the
Neumann directions. We denote Neumann and Dirichlet directions, A¯ = (+,−, ¯ˆi) and
A = iˆ , respectively.
We derive NH superalgebras of Lorentzian pp-wave branes as IW contractions of the
super-AdS4/7×S7/4 algebra.
First we consider the bosonic subalgebra. The contraction is taken by rescaling gen-
erators as
PA → 1
Ω
PA , JA¯B →
1
Ω
JA¯B , P
∗
iˆ
→ 1
Ω
P ∗
iˆ
, (7.5)
and taking the limit Ω→ 0. One obtains the NH algebra of an M pp-wave brane
[P−, Pi¯] =
4λ2√
2
P ∗i¯ , [P−, Pi] =
4λ2√
2
P ∗i , [P−, Pi¯′] =
λ2√
2
P ∗i¯′ , [P−, Pi′ ] =
λ2√
2
P ∗i′ ,
[P−, P
∗
¯ˆi
] = − 1√
2
P¯ˆi , [P−, P
∗
iˆ
] = − 1√
2
Piˆ , [P¯ˆi, P
∗
¯ˆj
] =
1√
2
ηiˆjˆP+ ,
[P¯ˆi, J¯ˆjkˆ] = η¯ˆi¯ˆjPkˆ , [P
∗
¯ˆi
, J¯ˆjkˆ] = η¯ˆi¯ˆjP
∗
kˆ
, (7.6)
and
[P¯ˆi, J¯ˆj ¯ˆk] = η¯ˆi¯ˆjP¯ˆk − η¯ˆi¯ˆkP¯ˆj , [Piˆ, Jjˆkˆ] = ηiˆjˆPkˆ − ηiˆkˆPjˆ ,
[P ∗¯ˆi , J¯ˆj ¯ˆk] = η¯ˆi¯ˆjP
∗
¯ˆ
k
− η¯ˆi¯ˆkP ∗¯ˆj , [P
∗
iˆ
, Jjˆkˆ] = ηiˆjˆP
∗
kˆ
− ηiˆkˆP ∗jˆ ,
[J¯ˆi¯ˆj, J¯ˆk¯ˆl] = η¯ˆj ¯ˆkJ¯ˆi¯ˆl + 3-terms , [Jiˆjˆ , Jkˆlˆ] = ηjˆkˆJiˆlˆ + 3-terms ,
[J¯ˆi¯ˆj, J¯ˆklˆ] = η¯ˆj ¯ˆkJ¯ˆilˆ − η¯ˆi¯ˆkJ¯ˆjlˆ , [Jiˆjˆ , J¯ˆklˆ] = ηiˆlˆJjˆ¯ˆk − ηjˆ lˆJiˆ¯ˆk . (7.7)
Next we consider the fermionic part. We decompose Q(•) as
Q
(•)
± = ±Q(•)± M with M = ℓΓ+−A¯1···A¯p−1 , M2 = ℓ2(−1)[
p−1
2
] = 1 (7.8)
which satisfies
M ′ = C−1MTC = (−1)p+1+[ p+12 ]M . (7.9)
We demand that
M ′ΓA¯ = ΓA¯M , (7.10)
M ′Γ̂
¯ˆi¯ˆj = Γ̂
¯ˆi¯ˆjM . (7.11)
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Since
M ′ΓA¯ = (−1)1+[ p+12 ]ΓA¯M , (7.12)
the first condition (7.10) is satisfied when p = 1, 2 mod 4. The second condition (7.11)
restricts the directions along which a pp-wave brane extends. Since
M ′Γ̂
¯ˆi¯ˆj = (−1)1+[ p+12 ]+nΓ̂¯ˆi¯ˆjM (7.13)
where n is the number of the Neumann directions contained in {1, 2, 3}, we find that
n =even for p = 1, 2 mod 4. In Table 5 we summarize the result. The p-branes with
p = 1 mod 4 are Dirichlet branes of an open supermembrane in M pp-wave [46, 47].
1-brane 2-brane 5-brane 6-brane 9-brane 10-brane
(+,−) (+,−; 0, 1) (+,−; 0, 4) (+,−; 0, 5) (+,−; 2, 6) -
(+,−; 2, 2) (+,−; 2, 3)
Table 5: Lorentzian M pp-wave branes
Scaling Q
(•)
± as
Q
(•)
− →
1
Ω
Q
(•)
− (7.14)
and taking the limit Ω→ 0, we obtain the fermionic part of the NH superalgebra
[P−, Q
(+)
± ] = −
3λ
2
√
2
Q
(+)
± f , [P−, Q
(−)
± ] = −
λ
2
√
2
Q
(−)
± f ,
[Pi¯, Q
(−)
± ] = −
λ√
2
Q
(+)
± fΓi¯Γ+ , [Pi, Q
(−)
+ ] = −
λ√
2
Q
(+)
− fΓiΓ+ ,
[Pi¯′ , Q
(−)
± ] = −
λ
2
√
2
Q
(+)
± fΓi¯′Γ+ , [Pi′ , Q
(−)
+ ] = −
λ
2
√
2
Q
(+)
− fΓi′Γ+ ,
[J¯ˆi¯ˆj , Q
(•)
± ] =
1
2
Q
(•)
± Γ¯ˆi¯ˆj , [Jiˆjˆ , Q
(•)
± ] =
1
2
Q
(•)
± Γiˆjˆ , [J¯ˆijˆ, Q
(±)
+ ] =
1
2
Q
(±)
− Γ¯ˆijˆ ,
[P ∗¯ˆi , Q
(−)
± ] =
1
2
√
2
Q
(+)
± Γ¯ˆiΓ+ , [P
∗
iˆ
, Q
(−)
+ ] =
1
2
√
2
Q
(+)
− ΓiˆΓ+ ,
{Q(+)+ , Q(+)+ } = −2CΓ−P+P+ ,
{Q(−)+ , Q(−)+ } = −2CΓ+P+P− +
λ√
2
CΓ̂¯ˆi¯ˆjP+J¯ˆi¯ˆj +
λ√
2
CΓ̂iˆjˆP+Jiˆjˆ ,
{Q(−)± , Q(−)∓ } =
√
2λCΓ̂¯ˆijˆJ¯ˆijˆ ,
{Q(±)+ , Q(∓)+ } = −2CΓ
¯ˆiℓ∓P+P¯ˆi − 4λCfΓi¯ℓ∓P+P ∗i¯ ∓ 2λCfΓi¯
′
ℓ∓P+P ∗i¯′ ,
{Q(±)+ , Q(∓)− } = −2CΓiˆℓ∓P−Piˆ − 4λCfΓiℓ∓P−P ∗i ∓ 2λCfΓi
′
ℓ∓P−P ∗i′ . (7.15)
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Summarizing we have derived the NH superalgebra of an M pp-wave brane as (7.6), (7.7)
and (7.15).
We note that the NH superalgebra of a Lorentzian M pp-wave brane contains a super-
subalgebra generated by P±, P¯ˆi, P
∗
¯ˆi
, J¯ˆi¯ˆj, Jiˆjˆ and Q
(±)
+
[P−, Pi¯] =
4λ2√
2
P ∗i¯ , [P−, Pi¯′] =
λ2√
2
P ∗i¯′ , [P−, P
∗
¯ˆi
] = − 1√
2
P¯ˆi ,
[P¯ˆi, P
∗
¯ˆj
] =
1√
2
ηiˆjˆP+ , [P¯ˆi, J¯ˆj ¯ˆk] = η¯ˆi¯ˆjP¯ˆk − η¯ˆi¯ˆkP¯ˆj , [P ∗¯ˆi , J¯ˆj ¯ˆk] = η¯ˆi¯ˆjP ∗¯ˆk − η¯ˆi¯ˆkP
∗
¯ˆj
,
[J¯ˆi¯ˆj, J¯ˆk¯ˆl] = η¯ˆj ¯ˆkJ¯ˆi¯ˆl + 3-terms , [Jiˆjˆ , Jkˆlˆ] = ηjˆkˆJiˆlˆ + 3-terms ,
[P−, Q
(+)
+ ] = −
3λ
2
√
2
Q(+); f , [P−, Q
(−)
+ ] = −
λ
2
√
2
Q
(−)
+ f ,
[Pi¯, Q
(−)
+ ] = −
λ√
2
Q
(+)
+ fΓi¯Γ+ , [Pi¯′ , Q
(−)
+ ] = −
λ
2
√
2
Q
(+)
+ fΓi¯′Γ+ ,
[J¯ˆi¯ˆj, Q
(•)
+ ] =
1
2
Q
(•)
+ Γ¯ˆi¯ˆj , [Jiˆjˆ, Q
(•)
+ ] =
1
2
Q
(•)
+ Γiˆjˆ , [P
∗
¯ˆi
, Q
(−)
+ ] =
1
2
√
2
Q
(+)
+ Γ¯ˆiΓ+ ,
{Q(+)+ , Q(+)+ } = −2CΓ−P+P+ ,
{Q(−)+ , Q(−)+ } = −2CΓ+P+P− +
λ√
2
CΓ̂¯ˆi¯ˆjP+J¯ˆi¯ˆj +
λ√
2
CΓ̂iˆjˆP+Jiˆjˆ ,
{Q(±)+ , Q(∓)+ } = −2CΓ
¯ˆiℓ∓P+P¯ˆi − 4λCfΓi¯ℓ∓P+P ∗i¯ ∓ 2λCfΓi¯
′
ℓ∓P+P ∗i¯′ . (7.16)
This is the supersymmetrization of the pp-wave algebra which is the isometry on the
brane worldvolume and the Lorentz symmetry in the transverse space. The conditions
(7.10) and (7.11) ensure the existence of this superalgebra.
7.2 Euclidean branes
We consider a Euclidean pp-wave brane for which (+,−) directions are contained in
the Dirichlet directions. We denote Neumann and Dirichlet directions as A¯ = ¯ˆi and
A = (+,−, iˆ) , respectively.
We derive NH superalgebras of Euclidean pp-wave branes as IW contractions of the
super-AdS4/7×S7/4 algebra. First we consider the bosonic subalgebra. The contraction is
taken by rescaling generators as
PA → 1
Ω
PA , JA¯B →
1
Ω
JA¯B , P
∗
¯ˆi
→ 1
Ω
P ∗¯ˆi , (7.17)
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and taking the limit Ω→ 0. One obtains the NH algebra of a Euclidean M pp-wave brane
[P−, Pi¯] =
4λ2√
2
P ∗i¯ , [P−, Pi¯′ ] =
λ2√
2
P ∗i¯′ , [P−, P
∗
iˆ
] = − 1√
2
Piˆ , [P¯ˆi, J¯ˆjkˆ] = η¯ˆi¯ˆjPkˆ ,
[P¯ˆi, P
∗
¯ˆj
] =
1√
2
η¯ˆi¯ˆjP+ , [Piˆ, P
∗
jˆ
] =
1√
2
ηiˆjˆP+ , [P
∗
iˆ
, J¯ˆjkˆ] = −ηiˆkˆP ∗¯ˆj , (7.18)
and (7.7).
Next we consider the fermionic part of the NH superalgebra. We decompose Q(•) as
Q
(•)
± = ±Q(•)± M , M = ℓΓA¯0···A¯p , M2 = ℓ2(−1)[
p+1
2
] = 1 . (7.19)
We demand that the conditions (7.10) and (7.11) are satisfied. The first condition (7.10)
implies that p = 1, 2 mod 4 as
M ′ΓA¯ = (−1)1+[ p+12 ]ΓA¯M . (7.20)
On the other hand, since
M ′Γ̂
¯ˆi¯ˆj = (−1)n+[ p+12 ]Γ̂¯ˆi¯ˆjM (7.21)
where n is the number of the Neumann directions contained in {1, 2, 3}, the second con-
dition is satisfied when n =odd for p = 1, 2 mod 4. We summarize the result in Table
6. The p-branes with p = 1 mod 4 are Dirichlet branes of an open supermembrane in M
pp-wave [46, 47].
1-brane 2-brane 5-brane 6-brane 9-brane 10-brane
(1,1) (1,2), (3,0) (1,5), (3,3) (1,6), (3,4) - -
Table 6: Euclidean M pp-wave branes
Scaling Q
(•)
± as (3.17) and taking the limit Ω→ 0, we obtain the fermionic part of the
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NH superalgebra of a Euclidean M pp-wave brane
[P−, Q
(+)
+ ] = −
3λ
2
√
2
Q
(+)
− f , [P−, Q
(−)
+ ] = −
λ
2
√
2
Q
(−)
− f ,
[Pi¯, Q
(−)
± ] = −
λ√
2
Q
(+)
± fΓi¯Γ+ , [Pi, Q
(−)
+ ] = −
λ√
2
Q
(+)
− fΓiΓ+ ,
[Pi¯′, Q
(−)
± ] = −
λ
2
√
2
Q
(+)
± fΓi¯′Γ+ , [Pi′, Q
(−)
+ ] = −
λ
2
√
2
Q
(+)
− fΓi′Γ+ ,
[J¯ˆi¯ˆj, Q
•
±] =
1
2
Q
(•)
± Γ¯ˆi¯ˆj , [Jiˆjˆ , Q
•
±] =
1
2
Q
(•)
± Γiˆjˆ , [J¯ˆijˆ, Q
•
+] =
1
2
Q
(•)
− Γ¯ˆijˆ ,
[P ∗¯ˆi , Q
(−)
+ ] =
1
2
√
2
Q
(+)
− Γ¯ˆiΓ+ , [P
∗
iˆ
, Q
(−)
± ] =
1
2
√
2
Q
(+)
± ΓiˆΓ+ ,
{Q(+)± , Q(+)∓ } = −2CΓ−P∓P+ ,
{Q(−)+ , Q(−)+ } = −
λ√
2
CΓ̂¯ˆi¯ˆjJ¯ˆi¯ˆj −
λ√
2
CΓ̂iˆjˆJiˆjˆ ,
{Q(−)± , Q(−)∓ } = −2CΓ+P∓P− −
√
2λCΓ̂¯ˆijˆJ¯ˆijˆ ,
{Q(±)+ , Q(∓)+ } = −2CΓ
¯ˆiℓ∓P+P¯ˆi − 4λCfΓiℓ∓P+P ∗i ∓ 2λCfΓi
′
ℓ∓P+P ∗i′ ,
{Q(±)+ , Q(∓)− } = −2CΓiˆℓ∓P−Piˆ − 4λCfΓi¯ℓ∓P−P ∗i¯ ∓ 2λCfΓi¯
′
ℓ∓P−P ∗i¯′ . (7.22)
Summarizing we have derived the NH superalgebra of a Euclidean M pp-wave brane as
(7.18), (7.7) and (7.22).
We note that there exists a super-subalgebra of the NH superalgebra generated by P¯ˆi,
P ∗
iˆ
, J¯ˆi¯ˆj , Jiˆjˆ and Q
(±)
+
[P¯ˆi, J¯ˆj ¯ˆk] = η¯ˆi¯ˆjP¯ˆk − η¯ˆi¯ˆkP¯ˆj , [P ∗iˆ , Jjˆkˆ] = ηiˆjˆP ∗kˆ − ηiˆkˆP ∗jˆ ,
[J¯ˆi¯ˆj , J¯ˆk¯ˆl] = η¯ˆj ¯ˆkJ¯ˆi¯ˆl + 3-terms , [Jiˆjˆ, Jkˆlˆ] = ηjˆkˆJiˆlˆ + 3-terms ,
[Pi¯, Q
(−)
+ ] = −
λ√
2
Q
(+)
+ fΓi¯Γ+ , [Pi¯′, Q
(−)
+ ] = −
λ
2
√
2
Q
(+)
+ fΓi¯′Γ+ ,
[J¯ˆi¯ˆj , Q
•
+] =
1
2
Q
(•)
+ Γ¯ˆi¯ˆj , [Jiˆjˆ, Q
•
+] =
1
2
Q
(•)
+ Γiˆjˆ , [P
∗
iˆ
, Q
(−)
+ ] =
1
2
√
2
Q
(+)
+ ΓiˆΓ+ ,
{Q(−)+ , Q(−)+ } = −
λ√
2
CΓ̂¯ˆi¯ˆjJ¯ˆi¯ˆj −
λ√
2
CΓ̂iˆjˆJiˆjˆ ,
{Q(±)+ , Q(∓)+ } = −2CΓ
¯ˆiℓ∓P+P¯ˆi − 4λCfΓiℓ∓P+P ∗i ∓ 2λCfΓi
′
ℓ∓P+P ∗i′ . (7.23)
This is the supersymmetrization of the Poincare´ algebra generated by {P¯ˆi, J¯ˆi¯ˆj} which
is the isometry on the brane worldvolume and the Lorentz symmetry in the transverse
space generated by {P ∗
iˆ
, Jiˆjˆ}. The conditions (7.10) and (7.11) ensure the existence of
this super-subalgebra.
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8 Branes in AdS4/7×S7/4
The action for an M2-brane [48] is composed of the NG action and the WZ action
S = T
∫
Σ
[LNG + LWZ] , LNG = dp+1ξ
√
s det gij , (8.1)
where s = −1 for a Lorentzian brane and s = 1 for a Euclidean brane. T is the tension
of the brane. For an M5-brane case, the self-duality of the two-form gauge field B on
the brane is imposed on the field equations, or the NG action is replaced by the PST
action [49]
LPST =
√
s det(gij − iα2H∗ij) + α2
√
s det g
4
H∗ijHij , (8.2)
Hij = Hijkvk , H∗ij = H∗ijkvk , vi = ∂ia√
gjk∂ja∂ka
,
H = H + C3 , H∗ijk = 1
3!
√
s det g
ǫijklmnHlmn , H = dB
where C3 is a pullback of the three-form gauge field, and α2 = i
√
s. Here the PST
scalar field a is contained in the M5-brane case as a modification of the usual DBI action.
The WZ term is known to be characterized by manifestly supersymmetric (p + 2)-form
hp+2 = dLWZ , which is composed of the pullback of the supercurrents, LA and Lα , on the
supergroup manifold and the modified field strengthH. The (p+2)-form hp+2 is closed but
not exact on the superspace, because LWZ is not superinvariant but quasi-superinvariant.
Expanding hp+2 with respect to H
hp+2(L
A, Lα,H) = h(p+2)(LA, Lα)− c
2
Hh(p−1)(LA, Lα) , (8.3)
where c is a constant determined below, the closedness condition dhp+2 = 0 is expressed
as
dh(p−1) = 0 , (8.4)
dh(p+2) − c
2
dHh(p−1) = 0 . (8.5)
8.1 CE-cohomology classification
We show that Mp-brane actions in AdSq+2×S9−q (q = 2, 5) can be classified as non-trivial
elements of the CE-cohomology on the differential algebra, MC equations (6.5) for the
super-AdSq+2×S9−q algebra.
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In order to avoid an additional dimensionful parameter, we assign dimensions as
LA Lα λ H
dim 1 1/2 −1 3
. (8.6)
For structureless branes, the dimension of SWZ must be equal to the dimension of SNG,
from which we find dimhp+2 = p + 1 because dimhp+2 = dimLWZ = dimLNG = p + 1,
and thus dim h(k) = k − 1. h(k) is composed of LA, Lα and λ, and thus we can write
h(k) as λl(LA)m(Lα)n. The integers l, m and n are restricted by the properties of h(k),
dimh(k) = k − 1 and deg h(k) = k, as
− l +m+ 1
2
n = k − 1, m+ n = k. (8.7)
For consistent flat limit, we demand l ≥ 0 because λ is related to the inverse of the radii
of AdSq+2 and S
9−q. In addition, we require that ǫa1···a4 and ǫa′1···a′7 are accompanied with
λ; λǫa1···a4 and λǫa′1···a′7 , because ǫa1···a4 and ǫa′1···a′7 disappear in the flat limit. Noting that
(8.7) implies l = 1 − 1
2
n ≤ 1, we consider the cases with l = 0 and 1. It is easy to see
that (m,n) = (k−2, 2) for l = 0 while (m,n) = (k, 0) for l = 1. In the former case, terms
of the form LA1 · · ·LAk−2L¯ΓA1···Ak−2L are candidates for h(k). These terms are non-trivial
only for k = 3, 4 mod 4, because CΓA1···Ak−2 is symmetric if k − 2 = 1, 2 mod 4. In
the latter case, λǫa1···a4L
a1 · · ·La4 and λǫa′
1
···a′
7
La
′
1 · · ·La′7 are candidates for h(4) and h(7),
respectively. We summarize the non-trivial candidates for h(k)
h(3) : LAL¯ΓAL (8.8)
h(4) : LALBL¯ΓABL, λǫa1···a4L
a1 · · ·La4 (8.9)
h(7) : LA1 · · ·LA5L¯ΓA1···A5L, λǫa′1···a′7La
′
1 · · ·La′7 (8.10)
h(8) : LA1 · · ·LA6L¯ΓA1···A6L (8.11)
where LAL¯ΓAL stands for two candidates L
aL¯ΓaL and L
a′L¯Γa′L, and so on. For example,
h(4) is of the form
h(4) = c1L
aLbL¯ΓabL+ c2L
aLa
′
L¯Γaa′L+ c3L
a′Lb
′
L¯Γa′b′L+ c4λǫa1···a4L
a1 · · ·La4 .(8.12)
Next we are going to find h(k) satisfying (8.4) and (8.5). The first step for this is to find
a closed form dh(k) = 0 in (8.4). h(k) can be a closed form only when k = 4. This is due
to the Fierz identity
(CΓAB)(αβ(CΓB)γδ) = 0 . (8.13)
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The coefficients are fixed by the closedness condition dh(4) = 0 as
h(4) = c
[1
2
LALBL¯ΓABL− 6λ
4!
ǫa1···a4L
a1 · · ·La4
]
(8.14)
where ǫ0123 = −ǫ♮123 = +1. As seen in Appendix B, the overall coefficient c is fixed by
the requirement of the κ-invariance [48,50] of the total action S as c = −1 for Lorentzian
brane and c = i for Euclidean brane: c = i
√
s. Using h(4) above, the closed four-form h4
is constructed as
h4 = h
(4). (8.15)
Because h4 is not exact on the superspace as will be shown below, we find that the
M2-brane action in AdS4/7×S7/4 is a non-trivial element of CE cohomology of the differ-
ential algebra (6.5), MC equations for super-AdS4/7×S7/4 algebra. The obtained action
is consistent with one given in [50].
Next we introduce dH to the differential algebra (6.5). Since H = dB + C3 and
h4 = c
′dC3 with a constant c′, dH is given by
c′dH = h4 = h(4) (8.16)
where h(4) is given in (8.14). If we can construct h(7) satisfying (8.5), then h7 turns out
to be a closed seven-form. We find that using (8.14) and (8.16) the condition (8.5) fixes
coefficients of a linear combination of candidates as
h(7) = c2
[ 1
5!
LA1 · · ·LA5L¯ΓA1···A5L−
6λ
7!
ǫa′
1
···a′
7
La
′
1 · · ·La′7
]
(8.17)
where ǫ4...9♮ = −ǫ4...90 = +1 and c′ ≡ −c. To see this we have used the Fierz identity,
(CΓA1···A5)(αβ(CΓA5)γδ) − 3(CΓ[A1A2)(αβ(CΓA3A4])γδ) = 0. (8.18)
The closed seven-form is constructed using (8.14) and (8.17) as
h7 = h
(7) − c
2
h(4)H. (8.19)
Because h7 is not exact on the superspace as will be shown below, we find that M5-brane
action in AdS4/7×S7/4 is characterized as a non-trivial element of CE cohomology on the
differential algebra (6.5) and (8.16). The constant c2 is determined by the requirement
that the total action is κ-invariant [49,51] as c2 = −1 and i for Lorentzian and Euclidean
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branes respectively, i.e. c2 = α2 = i
√
s. See Appendix B. The obtained action is
consistent with one given in [51].
We show that the four- and seven-forms obtained above are not exact. Suppose that
h4 is exact, then there must exist b
(3) such that h(4) = db(3). b(3) can be written as
λl(LA)m(Lα)n where integers l, m and n are restricted by the properties of b(3), dim b(3) = 3
and deg b(3) = 3. This implies that l ≤ 0. We find that there is no candidate for l = 0. For
l = −1, we find two candidates, λ−1LaL¯ΓaL and λ−1La′L¯Γa′L, but any linear combination
of them does not satisfy h(4) = db(3). It is obvious that terms with l ≤ −2 do not satisfy
h(4) = db(3). Thus, h4 is not exact. Next, suppose that h7 is exact, then there exists b6 such
that h7 = db6. This implies, expanding b6(L
µ, Lα,H) as b(6)(LA, Lα) + 1
2
Hb(3)(LA, Lα),
that
h(7) = db(6) − c
2
dHb(3), h(4) = −db(3). (8.20)
Because we have shown that h(4) is not exact, there dose not exist b(3) satisfying (8.20).
Thus, we have shown that h7 is not exact.
Summarizing we find that actions of M2- and M5-branes in AdS4/7×S7/4 are charac-
terized as non-trivial elements of the CE cohomology.
8.2 (p+ 1)-dimensional form of the WZ term
We derive (p+ 1)-dimensional form of the WZ-term following [51].
The supervielbein and super spin connection are given in Appendix A.2. These satisfy
the following differential equations
∂tLˆ
A = −2θ¯ΓALˆ , (8.21)
∂tLˆ
AB = 2λθ¯Γ̂ABLˆ , (8.22)
∂tLˆ = dθ − λ
2
LˆAΓ̂Aθ +
1
4
LˆABΓABθ , (8.23)
where the symbols with “hat” implies that the fermionic variable θ is rescaled as θ→ tθ .
By using these equations, one finds that
∂thˆ4 = db3 , b3 = −cLˆALˆB ˆ¯LΓABθ . (8.24)
This implies that
h4 = dC3 , C3 =
∫ 1
0
dt b3 + C
(3) (8.25)
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where C(3) is a bosonic 3-form satisfying dC(3) = h4|bosonic. It follows from
− cH = dB +
∫ 1
0
dt b3 + C
(3) (8.26)
that
− c∂tHˆ = b3 . (8.27)
In the similar way, one derives
∂thˆ7 = d(b6 − c
2
b3Hˆ) , b6 = c2 2
5!
LˆA1 · · · LˆA5 ˆ¯LΓA1···A5θ (8.28)
so that
h7 = dC6 , C6 =
∫ 1
0
dt (b6 − c
2
b3Hˆ) + C(6) (8.29)
where C(6) is a bosonic 6-form satisfying dC(6) = h7|bosonic.
Summarizing the (p+ 1)-dimensional form of the WZ term is given as
LM2WZ = −i
√
s
∫ 1
0
dt LˆALˆB ˆ¯LΓABθ + C
(3) , (8.30)
LM5WZ = i
√
s
∫ 1
0
dt
(
2
5!
LˆA1 · · · LˆA5 ˆ¯LΓA1···A5θ −
1
2
LˆALˆB ˆ¯LΓABθ Hˆ
)
+ C(6) . (8.31)
9 Non-relativistic Branes in AdS4/7×S7/4
We consider the non-relativistic limit of the branes in AdS4/7×S7/4 obtained in the pre-
vious section.
We scale coordinates and the tension as
XA → ΩXA , θ− → Ωθ− , (9.1)
T = TNRΩ
−2 , H = ΩH1 . (9.2)
(9.1) is consistent with (6.3). As can be seen from the concrete expression of the su-
percurrents given in Appendix A.2, the supercurrents are expanded as (5.3). Expanding
LAB as in (5.4) and substituting (5.3) and (5.4) into the MC equation (6.5), one finds
that Cartan one forms {LA¯m,LAm,LA¯B¯m ,LA¯Bm ,LABm , L±m |m = 0, 1} form the MC equation
(6.14)-(6.22).
45
9.1 M2-brane
First we consider an M2-brane. The NG part LNG is expanded as in (5.15) with (5.16)
and (5.17). By using (6.14) and L+ = ML+ with (6.6), one derives
dLdivNG = d(det(LA¯0 )id3ξ) = −
i
√
s
2!
LA¯10 L
A¯2
0 L¯+0ΓA¯1A¯2L+0 . (9.3)
Since
M ′ΓA¯B¯ = ΓA¯B¯M , (9.4)
the four-form h4 is expanded as
Th4 = TNRΩ
−2hdiv4 + TNRh
fin
4 +O(Ω
4) , (9.5)
with
hdiv4 =
i
√
s
2
LA¯0 L
B¯
0 L¯+0ΓA¯B¯L+0 , (9.6)
hfin4 =
i
√
s
2
[
LA¯0 L
B¯
0 L¯−1ΓA¯B¯L−1 + 2L
A¯
0 L
B¯
0 L¯+0ΓA¯B¯L+2 + 2L
A¯
0 L
B¯
2 L¯+0ΓA¯B¯L+0
+4LA¯0 L
B
1 L¯+0ΓA¯BL−1 + L
A
1 L
B
1 L¯+0ΓABL+0
−6λδ(2,1)ǫa¯1a¯2a3a4ea¯10 ea¯20 e
a3
1 e
a4
1
]
. (9.7)
This implies that the bosonic 3-form C3 is expanded as
TdC(3) = TNRΩ
−2dC
(3)
0 + TNRdC
(3)
2 +O(Ω
2) , (9.8)
dC
(3)
0 = 0 , (9.9)
dC
(3)
2 = −3i
√
sλδ(2,1)ǫa¯1a¯2a3a4e
a¯1
0 e
a¯2
0 e
a3
1 e
a4
1 . (9.10)
Since
d(det(LA¯0 )id
3ξ) + hdiv4 = 0 , (9.11)
the fermionic contribution of LdivNG and LdivWZ cancel each other. In order to delete the
bosonic terms of LdivNG + LdivWZ, we choose
C
(3)
0 = −
1
3!
ǫA¯0A¯1A¯2e
A¯0
0 e
A¯1
0 e
A¯2
0 . (9.12)
It follows from the expressions given in Appendix A.2 that dC
(3)
0 = 0. In summary, we find
that the gluing matrix M leads to the consistent non-relativistic limit of the M2-brane in
AdS4/7×S7/4.
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The non-relativistic M2-brane action is given as
SNR = TNR
∫
Σ
[LfinNG + LfinWZ] (9.13)
with (5.17) and
LfinWZ = −i
√
s
∫ 1
0
dt
[
LˆA¯0 Lˆ
B¯
0 (
ˆ¯L−1ΓA¯B¯θ− +
ˆ¯L+2ΓA¯B¯θ+) + 2Lˆ
A¯
0 Lˆ
B¯
2
ˆ¯L+0ΓA¯B¯θ+
+2LˆA¯0 Lˆ
B
1 (
ˆ¯L−1ΓA¯Bθ+ +
ˆ¯L+0ΓA¯Bθ−) + Lˆ
A
1 Lˆ
B
1
ˆ¯L+0ΓABθ+
]
+ C
(3)
2 (9.14)
The bosonic contribution is∫
Σ
C
(3)
2 = −3i
√
sλδ(2,1)
∫
Σ
volΣ2ǫaby
adyb
= −3i√sλδ(2,1)
∫
d3ξ
√
s det g0ǫaby
a∂i′y
b
where i′ represent worldvolume directions in S7 or AdS7.
The t-integration is easily done after fixing the κ-gauge symmetry by θ+ = 0 (see
Appendix B), which leads to
LA¯0 = e
A¯
0 , L
A¯
2 = e
A¯
2 − θ¯−ΓA¯Dθ− , LA1 = eA1 ,
L−1 = Dθ− = dθ− − λ
2
eA¯0 Γ̂A¯θ− +
1
4
ωA¯B¯ΓA¯B¯θ− ,
(g0)ij = (e
A¯
0 )i(e
B¯
0 )jηA¯B¯ . (9.15)
(eA¯0 )i is the vielbein on the worldvolume in the static gauge, x
A¯ = ξi. Substituting these
into the non-relativistic action we obtain
SNR = TNR
∫
d3ξ
√
s det g0
[
gij0 ∂iy
A∂iy
BηAB +
ǫ2λ2
2
(4my2 − ny′2)− 2θ¯−γiDiθ−
]
+TNR
∫
Σ
C
(3)
2 . (9.16)
In the flat limit λ→ 0, this reproduces the non-relativistic action given in [11].
9.2 M5-brane
Next we consider an M5-brane for which c2 = i
√
s. In this case the gluing matrix
M =
√−sΓA¯0···A¯5 , M ′ = −M (9.17)
satisfies
M ′ΓB¯1B¯2 = −ΓB¯1B¯2M , (9.18)
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so that H is of order Ω
H = ΩH1 +O(Ω3) ,
H1 = H1 +
∫ 1
0
dt
[
LˆA¯0 Lˆ
B¯
0 (
ˆ¯L+0ΓA¯B¯θ− +
ˆ¯L−1ΓA¯B¯θ+) + 2Lˆ
A¯
0 Lˆ
B
1
ˆ¯L+0ΓA¯Bθ+
]
. (9.19)
The PST part LPST is expanded as
TLPST = TNRΩ−2LdivPST + TNRLfinPST +O(Ω4) (9.20)
with
LdivPST =
√
s det g0d
6ξ , (9.21)
LfinPST =
√
s det g0d
6
[1
2
gij0 (g2)ij +
1
2
(H−1 )ij(H∗1)ij
]
(9.22)
where g0 and g2 are given in (5.18) and (5.19), and H−1 is defined as
H−1 =
c2
2
(H1 + c2H∗1) . (9.23)
Noting that
M ′ΓB¯1···B¯5 = ΓB¯1···B¯5M , (9.24)
h7 is expanded as
Th7 = TNRΩ
−2hdiv7 + TNRh
fin
7 +O(Ω
3) (9.25)
with
hdiv7 = i
√
s
1
5!
LA¯10 · · ·LA¯50 L¯+0ΓA¯1···A¯5L+0 (9.26)
and
hfin7 = h
(7)
2 −
c
2
H1h(4)1 , (9.27)
h
(7)
2 =
i
√
s
5!
[
LA¯10 · · ·LA¯50 L¯−1ΓA¯1···A¯5L−1 + 2LA¯10 · · ·LA¯50 L¯+0ΓA¯1···A¯5L+2
+10LA¯10 · · ·LA¯40 LA51 L¯+0ΓA¯1···A¯4A5L−1 + 5LA¯10 · · ·LA¯40 LA¯52 L¯+0ΓA¯1···A¯5L+0
+20LA¯10 · · ·LA¯30 LA41 LA51 L¯+0ΓA¯1···A¯3A4A5L+0
−δ(1,5)6λǫa¯′
1
···a¯′
5
a′
6
a′
7
L
a¯′
1
0 · · ·La¯
′
5
0 L
a′
6
1 L
a′
7
1
]
, (9.28)
h
(4)
1 = c
[
LA¯0 L
B¯
0 L¯+0ΓA¯B¯L−1 + L
A¯
0 L
B
1 L¯+0ΓA¯BL+0
−δ(3,3)6λ
3!
ǫa¯1a¯2a¯3a4L
a¯1
0 L
a¯2
0 L
a¯3
0 L
a4
1
]
. (9.29)
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This implies that the bosonic 6-form C(6) is expanded as
TdC(6) = TNRΩ
−2dC
(6)
0 + TNRdC
(6)
2 +O(Ω
2) , (9.30)
dC
(6)
0 = 0 , (9.31)
dC
(6)
2 = −
6c2
5!
δ(1,5)ǫa¯′
1
···a¯′
5
a′
6
a′
7
e
a¯′
1
0 · · · ea¯
′
5
0 e
a′
6
1 e
a′
7
1 +
c2
2
λδ(3,3)ǫa¯1···a¯3a4e
a¯1
0 · · · ea¯30 ea41 H1 .(9.32)
Since
dLdivPST = d(det(LA¯0 )id6ξ) = −hdiv7 , (9.33)
the fermionic contribution of LdivPST+LdivWZ cancels out. The bosonic terms of LdivPST+LdivWZ,
1
6!
ǫA¯0···A¯5e
A¯0
0 · · · eA¯50 + C(6)0 , are deleted by choosing
C
(6)
0 = −
1
6!
ǫA¯0···A¯5e
A¯0
0 · · · eA¯50 (9.34)
which satisfies dC
(6)
0 = 0. In summary, we find that the gluing matrix M leads to the
consistent non-relativistic limit of the M5-brane in AdS4/7×S7/4.
The non-relativistic M5-brane action is composed of LfinPST in (9.22) and
LfinWZ = c2
∫ 1
0
dt
[( 2
5!
LˆA¯10 · · · LˆA¯50 ( ˆ¯L−1ΓA¯1···A¯5θ− + ˆ¯L+2ΓA¯1···A¯5θ+)
+
2
4!
LˆA¯10 · · · LˆA¯40 LˆA51 ( ˆ¯L−1ΓA¯1···A¯4A5θ+ + ˆ¯L+0ΓA¯1···A¯4A5θ−)
+
2
3!
LˆA¯10 · · · LˆA¯30 LˆA41 LˆA51 ˆ¯L+0ΓA¯1···A¯3A4A5θ+
+
2
4!
LˆA¯10 · · · LˆA¯40 LˆA¯52 ˆ¯L+0ΓA¯1···A¯5θ+
)
+
1
2
(
LˆA¯0 Lˆ
B¯
0 (
ˆ¯L+0ΓA¯B¯θ− +
ˆ¯L−1ΓA¯B¯θ+) + 2Lˆ
A¯
0 Lˆ
B
1
ˆ¯L+0ΓA¯Bθ+
)
Hˆ1
]
+C
(6)
2 . (9.35)
The bosonic contribution is∫
Σ
C
(6)
2 = 6c
2λδ(1,5)
∫
Σ
volΣ′
5
ǫa′b′y
a′dyb
′
+ 3c2λδ(3,3)
∫
Σ
volΣ3yH1
= 3i
√
sλ
∫
d6ξ
√
s det g0
[
2δ(1,5)ǫa′b′y
a′∂ξy
b′ − δ(3,3)∂i′y(∗B1)i′
]
(9.36)
where ξ and i′ represent coordinates on Σ1 and Σ
′
3 respectively, and y is the transverse
direction in AdS4 or S
4. ∗ means the Hodge dual in Σ′3.
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Let us fix the κ-symmetry by θ+ = 0. The θ-dependent term in H disappears and
so we have H1 = H1 in this gauge. The t-integration is easily done, and the action is
drastically simplified as
LfinPST = d6ξ
√
s det g0
[
− θ¯−γiDiθ− + 1
2
gij0 ∂iy
A∂jy
BηAB
+
1
2
(H−1 )ij(H
∗
1 )
ij +
ǫ2λ2
2
(4my2 − ny′2)
]
, (9.37)
LfinWZ =
∫ 1
0
dt c2
2
5!
eA¯10 · · · eA¯50 D(tθ¯−)ΓA¯1···A¯5θ− + C(6)2
= d6ξ
√
s det g0
[−θ¯−γiDiθ−]+ C(6)2 . (9.38)
Combining these results, we obtain the non-relativistic M5-brane action
SNR = TNR
∫
d6ξ
√
s det g0
[1
2
gij0 ∂iy
A∂jy
BηAB +
ǫ2λ2
2
(4my2 − ny′2)
+
1
2
(H−1 )ij(H
∗
1 )
ij − 2θ¯−γiDiθ−
]
+ TNR
∫
Σ
C
(6)
2 . (9.39)
In the flat limit λ→ 0, it is reduced to the linearized M5-brane action considered in [52].
10 Summary and Discussions
We have derived the NH superalgebra for AdS branes as IW contractions of the super-
AdS×S algebras in ten- and eleven-dimensions. Requiring that the isometry on the AdS
brane worldvolume and the Lorentz symmetry in the transverse space extend to the super-
isometry, we classified possible branes. The NH superalgebra contains the super-isometry
as a super-subalgebra: su(2|2)×su(2|2), osp(4|4), osp(6|2)×psu(2|1) and variants of them
for non-relativistic AdS branes in AdS5×S5, and osp(4|2)×osp(4|2), osp(6|2)×so(2|2),
sp(4|2)×osp(4|2), osp(8|2)×su(2) and variants of them for non-relativistic AdS M-branes
in AdS4/7×S7/4. The possible branes are summarized in Table 1 and 4. These contain
1/2 BPS branes obtained by examining an open superstring in AdS5×S5 and an open
supermembrane in AdS4/7×S7/4. We applied the similar analyses to branes in IIB pp-
wave and M pp-wave. The possible branes are summarized in Table 2, 3, 5 and 6 and we
derived the NH superalgebras of these pp-wave branes.
The WZ terms of AdS branes in ten- and eleven-dimensions are examined by using the
CE cohomology on the super-AdS×S algebras. We find that WZ terms of the AdS branes
in AdS5×S5 and AdS4/7×S7/4 are non-trivial elements of the CE cohomology except for
those of strings in AdS5×S5.
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By taking the non-relativistic limit of the relativistic brane actions obtained above,
we derived non-relativistic Dp-brane actions in AdS5×S5 and non-relativistic M-brane
actions in AdS4/7×S7/4. We have seen that there exists the consistent non-relativistic
limit for Dp(even,even) for p = 1 mod 4 and Dp(odd,odd) for p = 3 mod 4 in AdS5×S5,
and M2(0,3), M2(2,1), M5(1,5) and M5(3,3) in AdS4×S7 and S4×AdS7. We derived the
non-relativistic actions for these branes.
In the flat limit, the non-relativistic AdS Dp- and M2-brane actions are reduced to
non-relativistic flat brane actions [11, 12]. The non-relativistic AdS M5-brane action is
reduced to the linearized M5-brane action [52]. It is interesting to examine these non-
relativistic AdS brane actions further, but is left for future investigations.
It is also interesting to examine the non-relativistic limit of branes in the pp-wave. It
is known that the pp-wave superalgebra is an IW contraction of the AdS superalgebra.
So, the brane actions in the pp-wave can be derived from those in the AdS background by
expanding supercurrents with respect to the contraction parameter Λ as was presented
in Appendix C. Once having derived the brane action in the pp-wave one can easily
extract the non-relativistic brane actions. These actions can be also derived from the
non-relativistic actions derived in the present paper by expanding supercurrents with
respect to the contraction parameter Ω. We hope to report these points elsewhere in near
future.
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Appendix
A LI Cartan one forms
A.1 AdS5×S5
Supervielbeins on the AdS5×S5 can be obtained via the coset construction with the coset
supermanifold:
AdS5 × S5 ∼ PSU(2, 2|4)
SO(1, 4)× SO(4) . (A.1)
We parametrize the group manifold as
g = gxgθ , gθ = e
Qθ , Q = (Q1, Q2) , θ =
(
θ1
θ2
)
. (A.2)
where gx is concretely specified later. The supervielbeins L
A and Lα, and super spin
connection LAB are the LI Cartan one forms defined by
g−1dg = LAPA +
1
2
LABJAB +QαL
α , (A.3)
g−1x dgx = e
APA +
1
2
ωABJAB , (A.4)
where eA and ωAB are the vielbein and the spin connection of the AdS5×S5. After some
algebra, we obtain6
LA = eA + 2i
∞∑
n=1
θ¯ΓA
M2n−2
(2n)!
Dθ = eA + 2iθ¯ΓA
(
coshM− 1
M2
)
Dθ , (A.5)
Lα =
∞∑
n=0
M2n
(2n+ 1)!
Dθ =
sinhM
M Dθ , (A.6)
LAB = ωAB − 2iλθ¯Γ̂ABiσ2
∞∑
n=1
M2n−2
(2n)!
Dθ = ωAB − 2iλθ¯Γ̂ABiσ2 coshM− 1M2 Dθ (A.7)
with
M2 = iλ
(
Γ̂Aiσ2θ θ¯Γ
A − 1
2
ΓABθ θ¯Γ̂
ABiσ2
)
, (A.8)
Dθ = dθ +
λ
2
eAΓ̂Aiσ2θ +
1
4
ωABΓABθ , (A.9)
Γ̂A = (−ΓaI,Γa′J ) , Γ̂AB = (−ΓabI,Γa′b′J ) . (A.10)
6The differential d acts as d(F ∧ G) = dF ∧ G + (−1)fF ∧ dG (where f is the degree of F ), and
commutes with θ.
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The bosonic subalgebra is a direct product of so(2,4) and so(6), and so we may consider
these parts separately. For an (m,n)-brane, it is convenient to parametrize the group
manifold on the so(2,4) algebra as
gAdS = gNe
yaPa , gN = e
xa¯mPa¯m · · · exa¯1Pa¯1 . (A.11)
For this parametrization, we obtain
ea¯ℓ = ea¯ℓN cosh ry , ℓ = 1, 2, ..., m ,
ea =
(
sinh Y
Y
dy
)a
,
ωa¯ka¯ℓ = ωa¯ka¯ℓN ,
ωaa¯ℓ = −λ2ya sinh ry
ry
ea¯ℓN ,
ωab = −2λ2y[a
(
coshY − 1
Y 2
dy
)b]
, (A.12)
where r2y = λ
2yaybηab = λ
2y2 and (Y 2)ab = λ
2(y2δab − yayb). eN and ωN defined by
g−1N dgN = e
a¯
NPa¯ +
1
2
ωa¯b¯N Ja¯b¯ (A.13)
are obtained as
ea¯ℓN = cosh r1 · · · cosh rℓ−1dxa¯ℓ ,
ωa¯ka¯ℓN = −λ2xa¯k
sinh rk
rk
cosh rk+1 · · · cosh rℓ−1dxa¯ℓ , k < ℓ (A.14)
where r2ℓ = λ
2xa¯ℓxa¯ℓηa¯ℓa¯ℓ .
The vielbein ea
′
and the spin connection ωa
′b′ of S5 are obtained as those of AdS5 with
the replacement
λ2 → −λ2 , a¯→ a¯′ , a→ a′ , m→ n . (A.15)
Under the scaling with Ω defined in (5.1), the above vielbeins and spin connections
are expanded as
ea¯ℓ = ea¯ℓ0 + Ω
2ea¯ℓ2 +O(Ω
4) , ea¯ℓ0 = e
a¯ℓ
N , e
a¯ℓ
2 = e
a¯ℓ
N
1
2
r2y , (A.16)
ea = Ωea1 +O(Ω
3) , ea1 = dy
a (A.17)
ωa¯ka¯ℓ = ωa¯ka¯ℓ0 , ω
a¯ka¯ℓ
0 = ω
a¯ka¯ℓ
N , (A.18)
ωaa¯ℓ = −Ωλ2yaea¯ℓN +O(Ω3) , (A.19)
ωab = −2Ω2λ2y[adyb] +O(Ω4) . (A.20)
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A.2 AdS4/7×S7/4
Supervielbeins on the AdS4/7 × S7/4 can be obtained via the coset construction with the
coset supermanifolds:
AdS4 × S7 ∼ OSp(8|4)
SO(3, 1)× SO(7) , AdS7 × S
4 ∼ OSp(8
∗|4)
SO(6, 1)× SO(4) . (A.21)
Parametrizing the manifolds as g(X, θ) = gxe
θQ , we obtain the expression of superviel-
beins:
LA = eA − 2θ¯ΓA
∑
n=1
M2n−2
(2n)!
Dθ , (A.22)
LAB = ωAB + 2λθ¯Γ̂AB
∑
n=1
M2n−2
(2n)!
Dθ , (A.23)
L =
∑
n=0
M2n
(2n+ 1)!
Dθ , (A.24)
where we have introduced the following quantities:
(Dθ)α¯ ≡ dθ +−λ
2
eAΓ̂Aθ +
1
4
ωABΓABθ ,
M2 = λ(Γ̂Aθ θ¯ΓA + 1
2
ΓABθ θ¯Γ̂AB) ,
Γ̂A = (2IΓa, IΓa′) , Γ̂AB = (2IΓab, IΓa′b′) .
Here eAM and ω
AB
M are the vielbein and the spin connection, respectively.
Since the bosonic subalgebra is the direct product of so(3,2) (so(5)) and so(8)(so(6,2)),
we may consider these parts separately as in the case of AdS5×S5 . For the former group
manifold, a group element is represented by
g4 = gNe
yaPa , gN = e
xa¯mPa¯m · · · exa¯1Pa¯1 . (A.25)
It is straightforward to derive
ea¯ℓ = ea¯ℓN cosh ry , ℓ = 1, · · · , m (A.26)
ea =
(
sinhY
Y
dy
)a
, (A.27)
ωa¯ka¯ℓ = ωa¯ka¯ℓN , (A.28)
ωab = −8ǫ2λ2ya
(
cosh Y − 1
Y
dy
)b
, (A.29)
ωa¯ℓb = 4ǫ2λ2ea¯ℓN y
b sinh ry
ry
(A.30)
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with
ea¯ℓN = dx
a¯ℓ cosh r1 · · · cosh rℓ−1 , (A.31)
ωa¯ka¯ℓN = −4ǫ2λ2xa¯kdxa¯ℓ
sinh rk
rk
cosh rk+1 · · · cosh rℓ−1 , k < ℓ , (A.32)
where r2k = 4ǫ
2λ2xa¯kxa¯kηa¯k a¯k , r
2
y = 4ǫ
2λ2yaybηab = 4ǫ
2λ2y2 and Y 2 = 4ǫ2λ2(y2δab − yayb) .
For the latter group manifold, the vielbein and the spin connection can be obtained from
those for the former case with the replacement
ǫ2 → −1
4
ǫ2 , a¯→ a¯′ , a→ a′ , m→ n . (A.33)
Under the Ω-scaling (9.1), these scale as
ea¯ = ea¯0 + Ω
2ea¯2 +O(Ω
4) , ea¯0 = e
a¯
N , e
a¯
2 = e
a¯
N
r2y
2
(A.34)
ea = Ωea1 +O(Ω
3) , ea1 = dy
a , (A.35)
ωa¯b¯ = ωa¯b¯0 , ω
a¯b¯
0 = ω
a¯b¯
N , (A.36)
ωab = O(Ω2) , (A.37)
ωa¯b = Ω4ǫ2λ2ea¯Ny
b +O(Ω3) . (A.38)
B κ-symmetry
B.1 D-branes in AdS5×S5
Here we recall the κ-variation of the action (4.1) by following [36,40,41]. Here we consider
both Lorentzian branes and Euclidean branes.
Following (2.6), one can derive a variation of the supercurrents by using the homotopy
formula as follows:
δLA = dδxA + ηBCL
BδxCA + ηBCL
ABδxC − 2iL¯ΓAδθ ,
δL = dδθ − λ
2
δxAΓ̂Aiσ2L+
λ
2
LAΓ̂Aiσδθ ,
δLab = dδxab − 2λ2Laδxb + 2ηcdLacδxdb + 2iλL¯Γ̂abiσ2δθ ,
δLa
′b′ = dδxa
′b′ + 2λ2La
′
δxb
′
+ 2ηc′d′L
a′c′δxd
′b′ + 2iλL¯Γ̂a
′b′iσ2δθ , (B.1)
where
δxA = δZMˆLA
Mˆ
, δxAB = δZMˆLAB
Mˆ
, δθα = δZMˆLα
Mˆ
. (B.2)
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A universal feature of the κ-variation is
δκx
A = 0 . (B.3)
By using (B.1), one can find that
δκgij = −4iLA(iL¯j)ΓAδθ (B.4)
and
δκdF = −2id(LAL¯ΓAσδθ) → δκF = −2iLAL¯ΓAσδθ , (B.5)
where the exact term is deleted by δκA . By using (B.1) and (B.5), we find that
δκhp+2 = d[Cκ ∧ eF ]p+1 , Cκ =
⊕
ℓ=even
C(ℓ)κ ,
C(2n)κ =
2
√
s
(2n− 1)!L
A1 · · ·LA2n−1L¯ΓA1···A2n−1(σ)niσ2δκθ (B.6)
so that
δκLWZ = [Cκ ∧ eF ]p+1 , (B.7)
where [•]p+1 represents the (p+ 1)-form part of • .
By using these expressions, one finds that the action (4.1) is invariant under
δκθ = (1 + Γ)κ , (B.8)
Γ =
s
√−s√
s det(g + F)
∑
n=0
1
2nn!
γj1k1···jnknFj1k1 · · ·Fjnkn
×(−1)n(σ)n− p−32 iσ2 1
(p+ 1)!
ǫi1···ip+1γi1···ip+1 , (B.9)
where γi = L
A
i ΓA .
Under the Ω-scaling, Γ is expanded as
Γ = Γ0 +O(Ω) , (B.10)
Γ0 =
s
√−s√
s det g0
1
(p+ 1)!
ǫi1···ip+1(LA¯00 )i1 · · · (LA¯p0 )ip+1ΓA¯0···A¯p(σ)−
p−3
2 iσ2
= M . (B.11)
Expanding κ as
κ = κ+ + Ωκ− , κ± = P±κ± (B.12)
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leads to
δκθ+ = (1 + Γ0)κ+ = 2κ+ . (B.13)
This implies that the κ-symmetry can be gauge fixed by choosing θ+ = 0 since δκθ+|θ+=0 =
2κ+.
For an F-string, we obtain the similar expression with σ = −σ1 and F = 0. Hence the
action is κ-invariant, and the κ-gauge symmetry is fixed by θ+ = 0 .
B.2 M-brane in AdS4/7×S7/4
Following [48, 49, 51], we recall the κ-symmetry of the M-brane actions. Here we shall
consider Euclidean branes as well as Lorentzian branes.
A variation of the supercurrents is derived from (6.5) as
δLA = dδxA − ηBCδxABLC + ηBCLABδxC + 2L¯ΓAδθ ,
δLab = dδxab + 8ǫ2λ2Laδxb + 2ηcdL
caδxbd − 2λL¯Γ̂abδθ ,
δLa
′b′ = dδxa
′b′ − 2ǫ2λ2La′δxb′ + 2ηc′d′Lc′a′δxb′d′ − 2λL¯Γ̂a′b′δθ ,
δL = dδθ +
1
2
δxAΓ̂AL− λ
2
LAΓ̂Aδθ − 1
4
δxABΓABL+
1
4
LABΓABδθ , (B.14)
where δxA, δxAB and δθ have been defined in (B.2). For the κ-variation, we require that
δκx
A = 0.
B.2.1 M2-brane
Let us first consider the case of an M2-brane. From (B.14), one can obtain
δκgij = 4L
A
(iL¯j)ΓAδκθ , (B.15)
and
δκh4 = d(−cLALBL¯ΓABδκθ) → δκLM2WZ = −cLALBL¯ΓABδκθ . (B.16)
By using them one can see that the action (8.1) is invariant under
δκθ = (1 + Γ)κ , Γ =
i
√
s√
s det g
1
3!
ǫijkγijk . (B.17)
Under the Ω-scaling, Γ is expanded as
Γ = Γ0 +O(Ω
2) , Γ0 = i
√
sΓA¯0A¯1A¯2 =M . (B.18)
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By expanding κ as (B.12), we derive
δκθ+ = (1 + Γ0)κ+ = 2κ+ (B.19)
which implies that the κ-gauge symmetry is fixed by θ+ = 0.
B.2.2 M5-brane
Next, we consider the case of an M5-brane. A variation of H is taken with (B.14) as
follows:
− cδκdH = δκh4 = d(−cLALBL¯ΓABδκθ) → δκH = LALBL¯ΓABδκθ , (B.20)
where the exact term is deleted by δκB . Noting that
δκh7 = c
2d
[ 2
5!
LA1 · · ·LA5L¯ΓA1···A5δκθ +
1
2
LALBL¯ΓABδκθH
]
, (B.21)
we see that
δκLWZ = c2
[ 2
5!
LA1 · · ·LA5L¯ΓA1···A5δκθ +
1
2
LALBL¯ΓABδκθH
]
, (B.22)
where c2 = i
√
s . The κ-invariance of the action is shown by following [51] (see also [52]).
By using the expressions derived above and the following useful relations
γ¯ =
s
√−s
6!
√
s det g
ǫi1···i6γi1···i6 , γ¯
2 = 1 ,
ǫi1···i6−nj1···jnγj1···jn = (−1)[
6−n
2
]n!
s
√−s√
s det g
γi1···i6−n γ¯ ,
ǫi1···i6−nk1···knǫj1···j6−nk1···kn = sn!(6− n)!δi1[j1 · · · δ
i6−n
j6−n]
,
Hijk = 3H[ijvk] − s
2
√
s det g ǫijklmnH∗lmvn , (B.23)
it is shown that the M5-brane action is invariant under the κ-variation
δκθ = (1 + Γ)κ , δκa = 0 , (B.24)
Γ =
√
s det g√
s det(g − ic2H∗)
(
γ¯ − c
2
2
H∗ijvkγijk −
sc2
16
√
s det g
ǫi1···i6H∗i1i2H∗i3i4γi5i6
)
.(B.25)
Under the Ω-scaling, Γ is expanded as
Γ = Γ0 +O(Ω) , (B.26)
Γ0 =
s
√−s√
s det g0
1
6!
ǫi1···i6(LA¯10 )i1 · · · (LA¯60 )i6ΓA¯1···A¯6 = s
√−sΓA¯0···A¯5 = M , (B.27)
which implies that
δκθ+ = (1 + Γ0)κ+ = 2κ+ . (B.28)
Thus the κ-symmetry is gauge fixed by θ+ = 0 .
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C Penrose limit of Brane Actions
Here we will construct the action of D-branes and M-branes on pp-wave backgrounds via
the Penrose limit, instead of non-relativistic limit. This is a natural application of our
procedure. The Penrose limit of an alternative action of an AdS superstring has been
discussed in [25]. The result includes Metsaev’s results for F-string [53] and D3-brane [54]
on the maximally supersymmetric pp-wave.
C.1 Branes in IIB pp-wave
We derive the Dp-brane action in the IIB pp-wave from the Dp-brane action in AdS5×S5
S = T
∫
LDBI + LWZ ,
LDBI =
√
s det(g + F)dp+1ξ , dLWZ = hp+2 =
∑
n=0
h(p+2−2n)Fn ,
h(2n+1) =
c
(2n− 1)!
[
LA1 · · ·LA2n−1L¯ΓA1···A2n−1σn+1̺L
+ δn,2
i
5
λ
(
ǫa1···a5L
a1 · · ·La5 − ǫa′
1
···a′
5
La
′
1 · · ·La′5)] (C.1)
where σ = σ3 and ̺ = σ1. c =
√
s is required by the κ-invariance of the action.
The Penrose limit considered in section 3 is equivalent to scaling the coordinates as
X+ → Λ2X+ , X iˆ → ΛX iˆ , θ+ → Λθ+ (C.2)
and taking the limit Λ→ 0. Under the scaling, LI Cartan one-forms are expanded as
L+ =
∑
n=0
Λ2n+2L+2n+2 , L
iˆ =
∑
n=0
Λ2n+1Liˆ2n+1 , L
iˆ
∗ =
∑
n=0
Λ2n+1Liˆ∗2n+1 ,
L+ =
∑
n=0
Λ2n+1L+2n+1 (C.3)
where
L± =
1√
2
(L9 ± L0) , L± = ℓ±L± , Liˆ∗ = (L0i,L9i
′
) . (C.4)
Under the expansion (C.3), we derive
gij = Λ
2g
(pp)
ij +O(Λ
4) , g
(pp)
ij = 2(L
+
2 )i(L
−
0 )j + (L
iˆ
1)i(L
jˆ
1)jηiˆjˆ . (C.5)
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It follows from7
dF = Λ2[−iL+L¯−Γ+σL− − iL−L¯+Γ−σL+ − 2iLiˆL¯+ΓiˆσL−] (C.6)
that
F = Λ2Fpp +O(Λ4) (C.7)
where we assume that F = Λ2Fpp . These imply that
LDBI = Λp+1LppDBI +O(Λp+3) , LppDBI =
√
s det(gpp + Fpp)dp+1ξ . (C.8)
The factor Λp+1 is absorbed into the definition of the tension as
T = Λ−(p+1)Tpp . (C.9)
One finds that the fermionic part of h(2n+1) is scaled as
h(2n+1)|fermionic = Λ2nh(2n+1)pp |fermionic +O(Λ2n+2) , (C.10)
h(2n+1)pp |fermionic =
c
(2n− 1)!L
A1 · · ·LA2n−1L¯ΓA1···A2n−1σn+13 σ1L
=
c
(2n− 1)!L
iˆ1 · · ·Liˆ2n−1(L¯+Γiˆ1···ˆi2n−1σn+13 σ1L−
+L¯−Γiˆ1···ˆi2n−1σ
n+1
3 σ1L+)
+
c
(2n− 2)!L
+Liˆ1 · · ·Liˆ2n−2L¯−Γ+iˆ1···ˆi2n−2σn+13 σ1L−
+
c
(2n− 2)!L
−Liˆ1 · · ·Liˆ2n−2L¯+Γ−iˆ1···ˆi2n−2σn+13 σ1L+
+
c
(2n− 3)!L
+L−Liˆ1 · · ·Liˆ2n−3(L¯−Γiˆ1···ˆi2n−3σn+13 σ1L+
−L¯+Γiˆ1···ˆi2n−3σn+13 σ1L−) . (C.11)
For the bosonic part, we derive
h(5)|bosonic = Λ4h(5)pp |bosonic +O(Λ6) , (C.12)
h(5)pp |bosonic = −ic
4λ√
2
L−(L1L2L3L4 + L5L6L7L8) . (C.13)
The O(Λ6)-term which contains L+ disappears in the limit.
To summarize the pp-wave Dp-brane action is given as
Spp = Tpp
∫
LppDBI + LppWZ (C.14)
7
L
+, L−, Liˆ, L+ and L− are understood as L
+
2 , L
−
0 , L
iˆ
1, L+1 and L−0 respectively below.
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with (C.8) and
hppp+2 = dLppWZ =
∑
n=0
h(p+2−2n)pp Fnpp , (C.15)
h(2n+1)pp =
c
(2n− 1)!L
A1 · · ·LA2n−1L¯ΓA1···A2n−1σn+1̺L
−icδn,2 4λ√
2
L−(L1L2L3L4 + L5L6L7L8) . (C.16)
This reproduces the pp-wave D3-brane action given in [54] as the p = 3 case. Let ̺ = σ3
and σ = −σ1 and replace LDBI with LNG or with the Polyakov action, then it is reduced
to the pp-wave F-string action constructed in [53].
The (p+2)-form hppp+2 can be shown to be a non-trivial element of the CE cohomology
except for h3 by following the procedure explained in section 4.1. It is easy to obtain the
(p+ 1)-dimensional form of the WZ term as was done in section 4.2.
C.2 Branes in M pp-wave
The Penrose limit considered in section 7 is equivalent to scaling the coordinates as (C.2)
and taking the limit Λ → 0. Under the scaling, LI Cartan one-forms are expanded as
(C.3) where we define Cartan one-forms as
L± =
1√
2
(L♮ ± L0) , Liˆ∗ =
{
(Li0,Li
′♮) for AdS4×S7
(Li♮,Li
′0) for AdS7×S4
, L± = ℓ±L . (C.17)
C.2.1 Penrose limit of M2 brane action
We consider the Penrose limit of the M2-brane action
S = T
∫
LNG + LWZ , (C.18)
LNG =
√
s det g , (C.19)
dLWZ = h4 = c
[1
2
LALBL¯ΓABL− 6λ
4!
ǫa1···a4L
a1 · · ·La4
]
(C.20)
where c = i
√
s is required by the κ-invariance of the action. Under the expansion (C.3),
LNG is expanded as
LNG = Λ3LppNG +O(Λ5) , LppNG =
√
s det gpp (C.21)
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while dLWZ = h4 is expanded as
h4 = Λ
3hpp4 +O(Λ
5) , (C.22)
hpp4 = c
[1
2
LALBL¯ΓABL+
6λ√
2
L−L1L2L3L4
]
. (C.23)
The Λ3 factor is absorbed into the definition of the tension as T = Λ−3Tpp . The pp-wave
M2-brane action is given as
S = Tpp
∫
LppNG + LppWZ (C.24)
with (C.21) and hpp4 = dLppWZ with (C.23).
C.2.2 Penrose limit of M5-brane action
Next we will consider the M5-brane action
S = T
∫
LPST + LWZ , (C.25)
with
LPST =
√
s det(gij − ic2H∗ij) + c2
√
s det g
4
H∗ijHij , (C.26)
Hij = Hijkvk , H∗ij = H∗ijkvk , vi = ∂ia√
gjk∂ja∂ka
,
H = H + C3 , H∗ijk = 1
3!
√
s det g
ǫijklmnHlmn , H = dB
and
dLWZ = h7 , h7 = h(7) − c
2
h(4)H , (C.27)
h(4) = c
[1
2
LALBL¯ΓABL− 6λ
4!
ǫa1···a4L
a1 · · ·La4
]
, (C.28)
h(7) = c2
[ 1
5!
LA1 · · ·LA5L¯ΓA1···A5L−
6λ
7!
ǫa′
1
···a′
7
La
′
1 · · ·La′7
]
, (C.29)
−cdH = h(4) (C.30)
with c2 = i
√
s for the κ-invariance of the action.
Observe that under the expansion (C.3),
a = app , vi = Λv
pp
i +O(Λ
3) , Hijk = Λ3Hppijk +O(Λ5) , Hij = Λ2Hppij +O(Λ4) ,
H∗ijk = Λ−3H∗ijkpp +O(Λ−1) , H∗ij = Λ2H∗ppij +O(Λ4) (C.31)
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where we assume that H = Λ3Hpp . These imply that
LPST = Λ6LppPST +O(Λ8) ,
LppPST =
√
s det(gppij − ic2H∗ppij ) + c2
√
s det gpp
4
H∗ijppHppij . (C.32)
The WZ term h7 is expanded as
h7 = Λ
6hpp7 , h
pp
7 = h
(7)
pp −
c
2
h(4)ppHpp , (C.33)
h(7)pp = c
2
[ 1
5!
LA1 · · ·LA5L¯ΓA1···A5L−
6λ√
2
L−L4 · · ·L9
]
, (C.34)
h(4)pp = c
[1
2
LALBL¯ΓABL+
6λ√
2
L−L1L2L3L4
]
. (C.35)
The Λ6 factor is absorbed into the definition of the tension as T = Λ−6Tpp . The pp-wave
M5-brane action is given as
S = Tpp
∫
LppPST + LppWZ (C.36)
with (C.32) and hpp7 = dLppWZ with (C.33).
Following the procedure explained in section 8.1, one can show that the (p + 2)-form
hppp+2 is a non-trivial element of the CE cohomology. The (p+ 1)-dimensional form of the
WZ term can be obtained easily as was done in section 8.2.
References
[1] J. M. Maldacena, “The large N limit of superconformal field theories and super-
gravity,” Adv. Theor. Math. Phys. 2 (1998) 231 [Int. J. Theor. Phys. 38 (1999)
1113] [arXiv:hep-th/9711200]; S. S. Gubser, I. R. Klebanov and A. M. Polyakov,
“Gauge theory correlators from non-critical string theory,” Phys. Lett. B 428 (1998)
105 [arXiv:hep-th/9802109]; E. Witten, “Anti-de Sitter space and holography,” Adv.
Theor. Math. Phys. 2 (1998) 253 [arXiv:hep-th/9802150].
[2] D. Berenstein, J. M. Maldacena and H. Nastase, “Strings in flat space and pp waves
from N = 4 super Yang Mills,” JHEP 0204, 013 (2002) [arXiv:hep-th/0202021].
[3] R. Penrose, “Any spacetime has a plane wave as a limit,” Differential geometry and
relativity, Reidel, Dordrecht, 1976, pp. 271-275;
63
R. Gueven, “Plane wave limits and T-duality,” Phys. Lett. B 482 (2000) 255
[arXiv:hep-th/0005061];
M. Blau, J. Figueroa-O’Farrill, C. Hull and G. Papadopoulos, “Penrose
limits and maximal supersymmetry,” Class. Quant. Grav. 19 (2002) L87
[arXiv:hep-th/0201081].
[4] E. Ino¨nu¨ and E. P. Wigner, Proc. Natl. Acad. Sci. U.S.A. 39 (1953) 510;
E. Ino¨nu¨ , in “Group Theoretical Concepts and Methods in Elementary Particle
Physics” ed. F. Gursey (Gordon and Breach, New York, 1964).
[5] M. Hatsuda, K. Kamimura and M. Sakaguchi, “From super-AdS5×S5 algebra to
super-pp-wave algebra,” Nucl. Phys. B 632 (2002) 114 [arXiv:hep-th/0202190].
[6] M. Hatsuda, K. Kamimura and M. Sakaguchi, “Super-PP-wave algebra from
super-AdS×S algebras in eleven-dimensions,” Nucl. Phys. B 637 (2002) 168
[arXiv:hep-th/0204002].
[7] J. Gomis and H. Ooguri, “Non-relativistic closed string theory,” J. Math. Phys. 42,
3127 (2001) [arXiv:hep-th/0009181].
[8] U. H. Danielsson, A. Guijosa and M. Kruczenski, “IIA/B, wound and wrapped,”
JHEP 0010, 020 (2000) [arXiv:hep-th/0009182].
[9] J. A. Garcia, A. Guijosa and J. D. Vergara, “A membrane action for OM theory,”
Nucl. Phys. B 630, 178 (2002) [arXiv:hep-th/0201140].
[10] J. Brugues, T. Curtright, J. Gomis and L. Mezincescu, “Non-relativistic strings and
branes as non-linear realizations of Galilei groups,” Phys. Lett. B 594, 227 (2004)
[arXiv:hep-th/0404175]
[11] J. Gomis, K. Kamimura and P. K. Townsend, “Non-relativistic superbranes,” JHEP
0411, 051 (2004) [arXiv:hep-th/0409219].
[12] J. Gomis, F. Passerini, T. Ramirez and A. Van Proeyen, “Non relativistic Dp-branes,”
JHEP 0510 (2005) 007 [arXiv:hep-th/0507135].
[13] K. Kamimura and T. Ramirez, “Brane dualities in non-relativistic limit,”
arXiv:hep-th/0512146.
64
[14] J. Brugues, J. Gomis and K. Kamimura, “Newton-Hooke algebras, non-relativistic
branes and generalized pp-wave metrics,” arXiv:hep-th/0603023.
[15] J. Gomis, J. Gomis and K. Kamimura, “Non-relativistic superstrings: A new soluble
sector of AdS5×S5,” JHEP 0512 (2005) 024 [arXiv:hep-th/0507036].
[16] M. Sakaguchi and K. Yoshida, “D-branes of covariant AdS superstrings,” Nucl. Phys.
B 684 (2004) 100 [arXiv:hep-th/0310228].
[17] M. Sakaguchi and K. Yoshida, “Notes on D-branes of type IIB string on AdS5×S5,”
Phys. Lett. B 591 (2004) 318 [arXiv:hep-th/0403243].
[18] M. Sakaguchi and K. Yoshida, “D-branes of covariant AdS superstrings: An
overview,” arXiv:hep-th/0408208.
[19] M. Sakaguchi and K. Yoshida, “Noncommutative D-branes from Covariant AdS Su-
perstring,” OIQP-06-03, KEK-TH-1076.
[20] J. A. De Azcarraga and P. K. Townsend, “Superspace Geometry And Classification
Of Supersymmetric Extended Objects,” Phys. Rev. Lett. 62 (1989) 2579.
[21] C. Chevalley and S. Eilenberg, Trans. Am. Math. Soc. 63 (1948) 85.
[22] C. Chryssomalakos, J. A. de Azcarraga, J. M. Izquierdo and J. C. Perez Bueno,
“The geometry of branes and extended superspaces,” Nucl. Phys. B 567 (2000) 293
[arXiv:hep-th/9904137].
[23] M. Sakaguchi, “IIB-branes and new space-time superalgebras,” JHEP 0004 (2000)
019 [arXiv:hep-th/9909143].
[24] M. Hatsuda and M. Sakaguchi, “Wess-Zumino term for AdS superstring,” Phys. Rev.
D 66 (2002) 045020 [arXiv:hep-th/0205092].
[25] M. Hatsuda, K. Kamimura and M. Sakaguchi, “Gauge invariant action for super-
string in Ramond-Ramond plane-wave background,” Nucl. Phys. B 644 (2002) 40
[arXiv:hep-th/0207157].
[26] M. Sakaguchi and K. Yoshida, “Dirichlet branes of the covariant open supermembrane
in AdS4×S7 and AdS7×S4,” Nucl. Phys. B 681 (2004) 137 [arXiv:hep-th/0310035].
65
[27] M. Sakaguchi and K. Yoshida, “Open M-branes on AdS4/7×S7/4 revisited,” Nucl.
Phys. B 714 (2005) 51 [arXiv:hep-th/0405109].
[28] G. W. Gibbons and C. E. Patricot, “Newton-Hooke space-times, Hpp-waves and the
cosmological constant,” Class. Quant. Grav. 20 (2003) 5225 [arXiv:hep-th/0308200].
[29] K. Skenderis and M. Taylor, “Branes in AdS and pp-wave spacetimes,” JHEP 0206
(2002) 025 [arXive:hep-th/0204054].
[30] P. Bain, K. Peeters and M. Zamaklar, “D-branes in a plane wave from covariant open
strings,” Phys. Rev. D 67 (2003) 066001 [arXiv:hep-th/0208038].
[31] P. Bain, P. Meessen and M. Zamaklar, “Supergravity solutions for D-branes in Hpp-
wave backgrounds,” Class. Quant. Grav. 20 (2003) 913 [arXiv:hep-th/0205106].
[32] A. Dabholkar and S. Parvizi, “Dp branes in pp-wave background,” Nucl. Phys. B
641 (2002) 223 [arXiv:hep-th/0203231].
[33] M. Billo and I. Pesando, “Boundary states for GS superstrings in an Hpp wave
background,” Phys. Lett. B 536 (2002) 121 [arXiv:hep-th/0203028].
[34] O. Bergman, M. R. Gaberdiel and M. B. Green, “D-brane interactions in type IIB
plane-wave background,” JHEP 0303 (2003) 002 [arXiv:hep-th/0205183];
M. R. Gaberdiel and M. B. Green, “The D-instanton and other supersymmet-
ric D-branes in IIB plane-wave string theory,” Annals Phys. 307 (2003) 147
[arXiv:hep-th/0211122].
[35] K. Skenderis and M. Taylor, “Open strings in the plane wave background. I: Quan-
tization and symmetries,” Nucl. Phys. B 665 (2003) 3 [arXiv:hep-th/0211011];
K. Skenderis and M. Taylor, “Open strings in the plane wave background. II: Super-
algebras and spectra,” JHEP 0307 (2003) 006 [arXiv:hep-th/0212184];
K. Skenderis and M. Taylor, “An overview of branes in the plane wave background,”
Class. Quant. Grav. 20 (2003) S567 [arXiv:hep-th/0301221];
D. Z. Freedman, K. Skenderis and M. Taylor, “Worldvolume supersymmetries for
branes in plane waves,” arXiv:hep-th/0306046.
[36] M. Cederwall, A. von Gussich, B. E. W. Nilsson, P. Sundell and A. Westerberg,
“The Dirichlet super-p-branes in ten-dimensional type IIA and IIB supergravity,”
66
Nucl. Phys. B 490 (1997) 179 [arXiv:hep-th/9611159];
E. Bergshoeff and P. K. Townsend, “Super D-branes,” Nucl. Phys. B 490 (1997) 145
[arXiv:hep-th/9611173].
[37] M. Aganagic, C. Popescu and J. H. Schwarz, “D-brane actions with local kappa
symmetry,” Phys. Lett. B 393 (1997) 311 [arXiv:hep-th/9610249];
M. Aganagic, C. Popescu and J. H. Schwarz, “Gauge-invariant and gauge-fixed D-
brane actions,” Nucl. Phys. B 495 (1997) 99 [arXiv:hep-th/9612080];
[38] M. Hatsuda and K. Kamimura, “Wess-Zumino terms for AdS D-branes,” Nucl. Phys.
B 703 (2004) 277 [arXiv:hep-th/0405202].
[39] R. Roiban and W. Siegel, “Superstrings on AdS5×S5 supertwistor space,” JHEP
0011 (2000) 024 [arXiv:hep-th/0010104].
[40] R. R. Metsaev and A. A. Tseytlin, “Type IIB superstring action in AdS5×S5 back-
ground,” Nucl. Phys. B 533 (1998) 109 [arXiv:hep-th/9805028].
[41] R. R. Metsaev and A. A. Tseytlin, “Supersymmetric D3 brane action in AdS5×S5,”
Phys. Lett. B 436 (1998) 281 [arXiv:hep-th/9806095].
[42] N. Kim and J. T. Yee, “Supersymmetry and branes in M-theory plane-waves,” Phys.
Rev. D 67 (2003) 046004 [arXiv:hep-th/0211029].
[43] M. Hatsuda and M. Sakaguchi, “Wess-Zumino term for the AdS superstring
and generalized Ino¨nu¨-Wigner contraction,” Prog. Theor. Phys. 109 (2003) 853
[arXiv:hep-th/0106114].
[44] J. A. de Azcarraga, J. M. Izquierdo, M. Picon and O. Varela, “Generating Lie and
gauge free differential (super)algebras by expanding Maurer-Cartan forms and Chern-
Simons supergravity,” Nucl. Phys. B 662 (2003) 185 [arXiv:hep-th/0212347].
[45] J. A. de Azcarraga, J. M. Izquierdo, M. Picon and O. Varela, “Extensions, expansions,
Lie algebra cohomology and enlarged superspaces,” Class. Quant. Grav. 21 (2004)
S1375 [arXiv:hep-th/0401033].
[46] K. Sugiyama and K. Yoshida, “Supermembrane on the pp-wave background,” Nucl.
Phys. B 644 (2002) 113 [arXiv:hep-th/0206070].
67
[47] M. Sakaguchi and K. Yoshida, “Dirichlet branes of the covariant open supermembrane
on a pp-wave background,” Nucl. Phys. B 676 (2004) 311 [arXiv:hep-th/0306213].
[48] E. Bergshoeff, E. Sezgin and P. K. Townsend, “Supermembranes And Eleven-
Dimensional Supergravity,” Phys. Lett. B 189 (1987) 75;
E. Bergshoeff, E. Sezgin and P. K. Townsend, “Properties Of The Eleven-Dimensional
Super Membrane Theory,” Annals Phys. 185 (1988) 330.
[49] P. Pasti, D. P. Sorokin and M. Tonin, “Covariant action for a D = 11 five-brane with
the chiral field,” Phys. Lett. B 398 (1997) 41 [arXiv:hep-th/9701037];
I. A. Bandos, K. Lechner, A. Nurmagambetov, P. Pasti, D. P. Sorokin and M. Tonin,
“Covariant action for the super-five-brane of M-theory,” Phys. Rev. Lett. 78 (1997)
4332 [arXiv:hep-th/9701149].
[50] B. de Wit, K. Peeters, J. Plefka and A. Sevrin, “The M-theory two-brane in AdS4×S7
and AdS7×S4,” Phys. Lett. B 443 (1998) 153 [arXiv:hep-th/9808052].
[51] P. Claus, “Super M-brane actions in AdS4×S7 and AdS7×S4,” Phys. Rev. D 59
(1999) 066003 [arXiv:hep-th/9809045].
[52] P. Claus, R. Kallosh and A. Van Proeyen, “M 5-brane and superconformal (0,2) ten-
sor multiplet in 6 dimensions,” Nucl. Phys. B 518 (1998) 117 [arXiv:hep-th/9711161].
[53] R. R. Metsaev, “Type IIB Green-Schwarz superstring in plane wave Ramond-
Ramond background,” Nucl. Phys. B 625 (2002) 70 [arXiv:hep-th/0112044].
[54] R. R. Metsaev, “Supersymmetric D3 brane and N = 4 SYM actions in plane wave
backgrounds,” Nucl. Phys. B 655 (2003) 3 [arXiv:hep-th/0211178].
68
